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EXECUTIVE SUMMARY 

This document presents the work plan for the Phase I RCRA Facility Investigation (RFI)/Remedial 
Investigation (RI) of the North and South Walnut Creek drainages (Operable Unit Number 6) at the 
Rocky Flats Plant, Jefferson County, Colorado. This work plan includes a field sampling plan (FSP) that 
presents the investigation planned to evaluate the presence or absence of contamination at Individual 
Hazardous Substance Sites (IHSSs) within the North and South Walnut Creek drainages. The FSP 
developed in this work plan is based on the requirements of the Interagency Agreement (IAG) amongst 
the Department of Energy, Environmental Protection Agency, and the State of Colorado Department of 
Health and additional work as needed to initially assess each IHSS. Twenty IHSSs, as identified in the 
IAG, are located in Operable Unit Number 6 (OU6). They are the A-series Detention Ponds, Ponds A-1 
through A-4 (IHSSs 142.1 through 142.4) and IHSS 142.12; the B-series Detection Ponds, Ponds B-1 
through B-5 (IHSSs 142.5 through 142.9); the North, Pond, and South Area spray fields (IHSSs 167.1, 
167.2 and 167.3), the East Area Spray Field (IHSS 216.1), Trenches A, 6 and C (IHSSs 166.1 166.2 and 
166.3), the Sludge Dispersal Area (IHSS 141), the Triangle Area (IHSS 165), and the Old Outfall (IHSS 
143). A Soil Dump Area (IHSS 156.2) has also been added to this work plan because of its location 
along the Walnut Creek drainage, making a total of twenty-one IHSSs in OU6. 

The schedule and the sequence of work for completing the OU6 investigation is specified in the IAG and 
is outlined below to provide some background on the requirements for the OU6 RFI/RI. The IAG states 
that each operable unit (OU), including OU6, may proceed through several phases of investigation 
dependent on the information gathered to characterize the OU (Section I.B.9, IAG Statement of Work). 
For OU6, the IAG requires that DOE submit a draft Phase I RFI/RI Workplan, in accordance with the 
requirements for RFI/RI Workplans, to EPA and the State for review and comment (this document was 
submitted in April 1991). DOE has subsequently revised this draft RFI/RI Workplan to address all 
comments submitted by EPA and the State, and is resubmitting this RFI/RI Workplan to EPA and the 
State for review and joint written approval. 
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Fdlowing completion of the Phase I work plan, the IAG requires that the results of the Phase I RFI/RI 
for OU6 be documented within a draft Phase I RFI/RI report. This draft RFI/RI report will include a 
Preliminary Site Characterization and will also recommend work to be performed for the Phase II 
investigation if needed. The IAG specifies that this draft Phase I report be submitted to the EPA and the 
State for review with DOE to address their comments and resubmit a Final Phase I RFI/RI report for EPA 
and/or the State review and approval. DOE is not to commence the next investigatory phase prior to 
receiving approval of the Final Phase I Report for OU6 and approval of Phase II RFI/RI Workplans. 

The IAG specifies that the priority and schedule for the Phase I1 RFI/RI investigations for OUs 3, 5, 6, 
8, 12, 13, 14, 15, and 16 will be determined after evaluating the Final Phase I RFI/RI Reports for the 
operable units. If EPA and/or the State determine that no further investigatory work is required for OU6 
after the Phase I investigation is complete, EPA and/or the State shall approve the Final Phase I RFI/RI 
Report as a Final RFI/RI Report. The field investigations for OU6 will be considered complete after 
approval of a Final RFI/RI Report. 

This work plan presents the activities that will be carried out to complete the Phase I investigation. 
Section 1.0 of this Work Plan presents introductory information and a general characterization of the 
region and plant site. In addition, the regional geology and hydrology at Rocky Flats are discussed. 
Section 2.0 presents descriptions of the site physical characteristics, histories a d  previous 
investigations, available information concerning the nature and extent of contamination, and conceptual 
models for the IHSSs. This initial characterization forms the basis for establishing data needs, data 
quality objectives (DQOs), and developing an FSP for each IHSS. Section 3.0 presents applicable or 
relevant and appropriate requirements (ARARs) developed for OU6. Section 4.0 establishes data needs 
and DQOs considering site characteristics and conceptual models of each IHSS in OU6. Section 5.0 

outlines RFI/RI tasks to be performed, while Section 6.0 presents the schedule for these tasks. A Field 
Sampling Plan, based on the requirements of the IAG, is presented in Section 7.0 to satisfy the data 
needs and DQOs identified in Section 4.0. The Baseline Risk Assessment Plan and Environmental 
Evaluation Plan are presented in Sections 8.0 and 9.0, respectively. A Quality Assurance Addendum 
and Standard Operating Procedure Addenda are presented in Sections 10.0 and 11.0, respectively. A 
list of references is presented in Section 12.0. 

The initial step in the development of the OU6 RFI/RI work plan was a review of existing information. 
Available historical and background data for each IHSS were collected through a literature search and 
a review of the Rocky Flats Environmental Database System (RFEDS). Only a few limited investigations 
have been conducted at OU6 in the past. These investigations include sediment sampling in the A- and 
B-series ponds, ongoing surface water, groundwater, and sediment sampling programs along Walnut 
Creek, and the plant-wide Ambient Air Monitoring Program. 
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Data quality objectives have been developed for this Phase I investigation. DQOs are qualitative and 
quantitative statements that describe the quality and quantity of data required by the RFI/RI. The DQO 
process is divided into three stages. Through application of the DQO process, site-specific RFI/RI goals 
are established and data needs are identified for achieving these goals. 

After assessing the existing information for OU6, the fdlowing objectives for the Phase I RFI/RI have 
been identified: 

0 Characterize the physical and hydrogeologic setting of the IHSSs 
Assess the presence or absence of contamination at the sites 
Characterize the nature and extent of contamination at the sites, if present 
Support the Phase I Baseline Risk Assessment and Environmental Evaluation 

0 

0 

0 

Within these broad objectives, site-specific data needs have been identified based on preliminary 
identification of contaminants potentially present at each IHSS and the data needs for the Phase I 
Baseline Risk Assessment and Environmental Evaluation. The FSP developed in this work plan is based 
on the data needs and the requirements of the IAG. The FSP for each IHSS requires a combination of 
screening activities, sampling of soils, sediment and surface water, and well installation and sampling. 
Site-specific FSPs are briefly summarized below. 

IHSS 141 - Sludae Diswrsal Area The screening activity at the sludge dispersal area will be a 
radiological survey. Sampling activities will be limited to surface soil sampling. One monitoring well will 
be installed downgradient of the unit and sampled. 

IHSS 142.1-9. 12 - Detention Ponds - A-Series and B-Series Surface water and sediment samples will 
be collected in several locations in each pond. Sediment samples will also be collected from Walnut 
Creek upgradient and downgradient of the ponds. A total of four monitoring wells will be installed and 
sampled in the alluvium downgradient of the dams at Ponds A 4  and B-5. 

IHSS 143 - Old Outfall The screening act iv i  at the Old Outfall site will be a radidogical survey. 
Sampling will include surface soil sample collection at the existing surface and at the original surface 
below the fill, collection of soil samples to a depth of two feet below the original ground surface, and 
collection of composite fill samples. In addition, soil samples will be cdlected upslope from the Old 
Outfall where the surface runoff was channeled to this area. 

IHSS 156.2 - Soil DumD Area A germanium radiation survey will be performed at this IHSS fdlowed by 
surface and subsurface soil sampling. One well will be installed within the unit and sampled. 
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IHSS 165 - Trianale Area A radiological survey and a soil gas survey will be the screening activities 
conducted at the Triangle Area. Surface soil samples will be cdlected from plume areas delineated 
during the screening. Subsurface samples will be collected from the same locations as the surface 
samples. Two alluvial groundwater monitoring wells will be installed within the IHSS and sampled. 

lHSS 166.1-3 - Trenches A. B and C The screening activii will consist of an electromagnetic 
geophysical survey that will be used to delineate the locations and extent of the trenches. Subsurface 
samples will be cdlected from brings drilled along the long axis of the trenches. One groundwater well 
will be installed east of this IHSS and sampled. 

IHSS 167.1 -3 - North Area. Pond Area and South Area SDrav Fields Based on the findings of the aerial 
photograph review, surface and subsurface soil samples will be cdlected in each spray field area using 
a grid location system. Two alluvial groundwater monitoring wells will be installed and sampled, one 
downgradient of the North Area Spray Field and one downgradient of the South Area Spray Field. 

IHSS 216.1 - East Area SDrav Field Although the IAG does not specify field sampling at this site, limited 
surface and subsurface soil samples will be collected within this unit. 

Data collected during the Phase I Walnut Creek drainage RFI/RI, as well as data from other ongoing 
and planned investigations, will be incorporated into the existing RFEDS database. These data will be 
used to (1) better define site characteristics, source characteristics, and the nature and extent of 
contamination; (2) to support the baseline risk assessment and environmental evaluation; and (3) to 
evaluate potential remedial alternatives. An RFI/RI Report will be prepared summarizing the data 
obtained during the Phase I program and containing the Phase I Risk Assessment and Environmental 
Evaluation. 
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1 .o 
INTRODUCTION 

This document presents the work plan for the Phase I RCRA Facility Investigation (RFI)/Remedial 
Investigation (RI) of the Walnut Creek Drainage (Operable Unit Number 6) at the Rocky Flats Plant, 
Jefferson County, Colorado. In this work plan, the existing information is initially summarized to 
characterize Operable Unit Number 6 (OU6) and a field sampling program is presented to assess the 
nature and extent of contamination in the twenty-one Individual Hazardous Substance Sites (IHSSs) 
along or within the North and South Walnut Creek drainages. These IHSSs are the Sludge Dispersal 
Area (IHSS 141); the ten detention ponds along North and South Walnut creeks (IHSS 142.1 through 
142.9) and IHSS 142.12; the Old Outfall (IHSS 143); the Triangle Area (IHSS 165); Trenches A, B, and 
C (IHSSs 166.1, 166.2, and 166.3); the North Area, Pond Area, and South Area Spray fields (IHSS 167.1, 
166.2, and 166.7) and the East Area Spray Field (IHSS 216.1). A Soil Dump Area (IHSS 156.2) has also 
been added to OU6 and is included in this work plan. The Phase I RFI/RI will be conducted in 
accordance with the Guidance for Conductina Remedial lnvestiaations and Feasibilitv Studies under 
CERCLA (U.S.EPA 1988a) and Interim Final RCRA Facilitv lnvestiaation (RFI) Guidance (U.S. EPA 
1989a). The data generated will be used to begin developing and screening remedial alternatives and 
to evaluate the need for further studies for the 21 IHSSs. The data will be used to estimate risks to 
human health and the environment posed by each hazardous substance site. 

This investigation is part of a comprehensive, phased program of site characterization, remedial 
investigations, feasibility studies, and remedial/corrective actions currently in progress at the Rocky Flats 
Plant. These investigations are pursuant to the U.S. Department of Energy (U.S. DOE) Environmental 
Restoration (ER) Program [formerly known as the Comprehensive Environmental Assessment and 
Response Program (CEARP)], a Compliance Agreement between DOE, the U.S. Environmental 
Protection Agency (U.S. EPA), and the State of Colorado Department of Health (CDH) dated July 31, 
1986, and an Inter-Agency Agreement (IAG) among DOE, EPA, and CDH dated January 22,1991. The 
IAG addresses RCRAand CERCLA issues and has been integrated with the ER program. In accordance 
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with the IAG, the CERCLA terms "Remedial Investigation" and "Feasibility Study" in this document are 
considered equivalent to the RCRA terms "RCRA Facility Investigation" and "Corrective Measures Study" 
(CMS). 

1.1 ENVIRONMENTAL RESTORATION PROGRAM 

The ER Program is designed to investigate and clean up contaminated sites at DOE facilities. The ER 
Program being implemented is organized into five major activities. Activity 1 has already been 
completed at Rocky Flats Plant (U.S. DOE 1986a). This work plan is part of the Activity 2 program 
currently in progress for OU6 (North/and South Walnut Creek drainages). 

b Activity 1 - Installation Assessment includes preliminary assessments and site 
inspections to assess potential environmental concerns. 

b Activity 2 - Remedial Investigations include planning and implementation of sampling 
programs to delineate the magnitude and extent of contamination at specific sites, 
evaluate potential contaminant migration pathways, and perform baseline risk 
assessments. 

b Activity 3 - Feasibility Studies to evaluate remedial alternatives and develop remedial 
action plans to mitigate environmental problems identified as needing correction in 
Activity 2. 

b Activity 4 - Remedial Design/Remedial Action includes design and implementation of 
site-specific remedial actions selected on the basis of Activity 3 Feasibility Studies. 

b Activity 5 - Compliance and Verification implements monitoring and performance 
assessments of remedial actions and then verifies and documents the adequacy of 
remedial actions carried out under Activity 4. 

The schedule and the sequence of work for completing the OU6 investigation is specified in the IAG and 
is outlined below to provide background on the requirements for the OUS RFI/RI. The IAG states that 
each OU, including OU6, shall proceed through several phases of investigation dependent on the 
information gathered to characterize the OU (Section I.B.9, IAG Statement of Work). Pursuant to the 
final IAG dated January 22, 1991, OUs 3-16 have not undergone Phase I field investigations. 

For OU-s 3-16, DOE shall submit draft Phase I RFI/RI Workplans, in accordance with the requirements 
for RFI/RI Workplans, to EPA and the State for review and comment. DOE shall revise the draft RFI/RI 
Workplans to address all comments submitted by EPA and the State, and resubmit the RFI/RI workplans 
to EPA and the State for review and joint written approval. 

The results of the Phase I RFI/RI, for OUs 3-16, shall be documented within draft Phase I RFI/RI reports. 
The draft RFI/RI reports shall include a Preliminary Site Characterization. The draft Phase I RFI/RI 
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reports for OUs 3-16 shall also recommend work to be performed for each Phase II investigation. EPA 
and the state shall review these draft Phase I RFI/RI reports. DOE will address the comments and 
resubmit a Final Phase I RFI/RI report for EPA and/or the state review and approval. DOE shall not 
commence the next investigatory phase prior to receiving approval of the Final Phase I Reports for 
OUs 3-16 and approval of Phase II RFI/RI Workplans. 

The Phase II RFI/RI investigations for OUs 3, 5, 6, 8, 12, 13, 14, 15, and 16 shall be prioritized, 
scheduled and conducted after evaluation of the Final Phase I RFI/RI Reports. If EPA and/or the state 
determine that no further investigatory work is required within an OU after the Phase I investigation is 
complete, EPA and/or the state shall approve the Final Phase I RFI/RI Report as a Final RFI/RI Report 
for that specific OU. The investigatory phase for each OU within OUs 3-16 shall be considered complete 
after approval of a Final RFI/RI Report. 

1.2 WORK PLAN SCOPE 

Existing information on OU6 has been obtained from numerous sources for use in work plan 
preparation. Section 1.0 of this work plan presents introductory information and a general 
characterization of the region and plant site. In addition, the regional geology and hydrology at Rocky 
Flats are discussed. Section 2.0 presents descriptions of the site physical characteristics, histories and 
previous investigations, available information concerning the nature and extent of contamination, and 
conceptual models for the IHSSs. This initial characterization forms the basis for establishing data 
needs, data quality objectives (DQOs), and developing an FSP for each IHSS. Section 3.0 presents 
applicable or relevant and appropriate requirements (ARARs) developed for OU6. Section 4.0 
establishes data needs and DQOs considering site characteristics and conceptual models of each IHSS 
in OU6. Section 5.0 outlines RFI/RI tasks to be performed. Section 6.0 presents the schedule for these 
tasks. A Field Sampling Plan, based on the requirements of the IAG, is presented in Section 7.0 to 
satisfy the data needs and DQOs identified in Section 4.0. The Baseline Risk Assessment Plan (BRAP) 
and Environmental Evaluation Plan (EEP) are presented in Sections 8.0 and 9.0, respectively. A Quality 
Assurance Addendum (QAA) and Standard Operating Procedure Addenda (SOPA) are presented in 
Sections 10.0 and 11.0, respectively. A list of references is presented in Section 12.0. 

a 

1.3 REGIONAL AND PLANT SITE BACKGROUND INFORMATION 

1.3.1 Site Background and Plant Operations 

The Rocky Flats Plant is a government-owned and contractor-operated facility that is part of the 
nationwide nuclear weapons production complex. The Plant was operated for the U.S. Atomic Energy 
Commission (AEC) from the Plant’s inception in 1951 until the AEC was dissolved in January 1975. At 
that time, responsibility for the Plant was assigned to the Energy Research and Development a 
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Administration (ERDA), which was succeeded by the DOE in 1977. Dow Chemical USA, an operating 
unit of the Dow Chemical Company, was the prime operating contractor of the facility from 1951 until 
June 30, 1975. Rockwell International succeeded Dow Chemical USA from July 1, 1975 to January 1, 
1990, when EG&G Rocky Flats, Inc. succeeded Rockwell International. 

The Rocky Flats Plant’s primary mission is to produce metal components for nuclear weapons. These 
components are fabricated from plutonium, uranium and nonradioactive metals, principally beryllium and 
stainless steel. Parts made at the plant are shipped elsewhere for final assembly. When a nuclear 
weapon is determined to be obsolete, components of these weapons fabricated at the Plant are returned 
for special processing to recover plutonium and americium. Other activities at the Rocky Flats Plant 
include research and development in metallurgy, machining, nondestructive testing, coatings, remote 
engineering, chemistry, and physics. Both radioactive and nonradioactive wastes are generated in these 
research and production processes. Current waste handling practices involve on-site and off-site 
recycling of hazardous materials, on-site storage of hazardous and radioactive mixed wastes, and 
disposal of solid radioactive materials at another DOE facility. However, historically, Rocky Flats Plant 
operating procedures included both on-site storage and disposal of hazardous and radioactive wastes. 
Preliminary assessments under the ER Program identified some of the past on-site storage and disposal 
locations as potential sources of environmental contamination. 

1.3.2 Previous Investigations 

Various studies have been conducted at the Rocky Flats Plant to characterize environmental media and 
to assess the extent of radiological and chemical contaminant releases to the environment. The 
investigations are referenced in numerous reports including the Final Phase II RFI/RI Work Plan for 
Operable Unit No. 2 (EG&G 1991a). 

In 1986, two major investigations were completed at the Plant. The first was the ER Program Installation 
Assessment (U.S. DOE 1986a), which included analyses and identification of current operational 
.activities, active and inactive waste sites, current and past waste management practices, and potential 
environmental pathways through which contaminants could be transported. A number of sites were 
identified that could potentially have adverse impacts on the environment. These sites were designated 
as Solid Waste Management Units (SWMUs) (renamed Individual Hazardous Substance Sites (IHSSs) 
in the January 22, 1991 IAG) by Rockwell International (1987a) and were divided into three categories: 

1. Hazardous waste management units that will continue to operate and need a RCRA 
operating permit. 

2. Hazardous waste management units that will be closed under RCRA interim status. a 
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3. Inactive waste management units that will be investigated and cleaned up under 
Section 3004(u) of RCRA or under CERCLA. No RCRA or CERCLA regulatory 
distinction in the use of the terms 'site,' "unit," 'SWMU," or "IHSS" is intended in this 
document. 

The second major investigation completed at the Plant in 1986 involved a hydrogeologic and 
hydrochemical characterization of the entire Plant site. Plans for this study were presented in Rockwell 
International publications 1986b and 1986c, and study results were reported in Rockwell International 
publication 1986d. These investigations identified the twenty-one IHSSs that are included in OU6 based 
on their location adjacent to Walnut Creek. 

1.3.3 Physical Setting 

The Rocky Flats Plant is located in northern Jefferson County, Colorado, approximately 16 miles 
northwest of Denver (Figure 1-1). Other surrounding cities include Boulder, Westminster, and Arvada, 
which are located less than 10 miles to the northwest, east and southeast, respectively. The Plant 
consists of approximately 6,550 acres of federal land and occupies Sections 1 through 4 and 9 through 
15 of T2S, R70W, 6th principal meridian. Major plant buildings are located within a Plant security area 
of approximately 400 acres. The security area is surrounded by a buffer zone of approximately 6,150 
acres. 

The Plant is bounded on the north by State Highway 128. To the east is Jefferson County Highway 17, 
also known as Indiana Street; to the south are agricultural and industrial properties, and Highway 72; 
and to the west is State Highway 93 (Figure 1-2). 

1.3.3.1 ToDosraphv and Drainage 

The natural environment of the Plant and vicinity is influenced primarily by its proximity to the Front 
Range of the Rocky Mountains. The Plant site is located directly east of the north-south-trending Front 
Range, located about 16 miles east of the Continental Divide. The Rocky Flats Plant is located on a 
broad, eastward-sloping system of coalescing alluvial fans. These fans, created by the erosion of the 
Front Range, extend approximately 5 miles to the east, where they terminate in low, rolling hills. The 
Plant is at an elevation of approximately 6,000 feet above mean sea level (msl). The Plant security area 
is located near the eastern edge of the fans on a pediment between stream cut gullies or arroyos (North 
Walnut Creek and Woman Creek) (Figure 1-2). 
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1.3.3.2 Surface Water Hvdroloav 

Three streams drain the Rocky Flats Plant with flow generally from west to east. These drainages are 
Rock Creek, Walnut Creek, and Woman Creek (Figure 1-2). Rock Creek drains the northwestern corner 
of the Plant and flows northeast through the buffer zone to its off-site confiuence with Coal Creek. North 
and South Walnut creeks, and an unnamed tributary of North Walnut Creek drain the northern portion 
of the Plant security area. These three forks of Walnut Creek join in the buffer zone and flow to Great 
Western Reservoir, approximately 1 mile east of their confluence. The flow is diverted around Great 
Western Reservoir into Big Dry Creek by the Broomfield Diversion Ditch. Rock Creek, North and South 
Walnut creeks and the unnamed tributary are intermittent streams, with continuous flow occurring only 
after precipitation events and spring snowmelt. An east-west trending interfluve separates Walnut Creek 
from Woman Creek on the south. Woman Creek, a perennial stream, drains the southern Rocky Flats 
Plant buffer zone and flows eastward into Standley Lake Reservoir and Mower Reservoir. The South 
Interceptor Ditch is a ditch that flows intermittently and lies between the Plant and Woman Creek. The 
South Interceptor Ditch cdlects runoff from the southern Plant security area and diverts it to Pond C-2, 
where it is monitored in accordance with the Plant’s National Pollutant Discharge Elimination System 
(NPDES) permit. 

1.3.3.3 Climate 

The climate in the area of the Rocky Flats Plant is semi-arid, characterized by warm summers and dry, 
cool winters, as is typical of much of the central Rocky Mountain Region. However, the elevation of the 
Plant (6,000 feet) and the nearby slopes and canyons of the Front Range modii the regional climate. 
Winds, although variable, are predominantly from the west-northwest, with stronger winds occurring 
during the winter. The canyons along the Front Range tend to channel the flow during both upslope 
and downslope conditions, especially when there is strong atmospheric stability. The area occasionally 
experiences Chinook winds with gusts up to 100 miles per hour. 

Rocky Flats meteordogy is strongly influenced by the diurnal cycle of mountain and valley breezes. 
Two dominant flow patterns exist, one during daytime conditions, and one at night. During daytime 
hours as the earth heats, the mountains receive more direct sunlight than the plains and valleys. The 
result is a general trend for the air flow to travel toward the higher elevations (upslope). The general 
air flow pattern during upslope conditions for the Denver area is typically north to south with the flow 
moving up the South Platte River Valley and then entering the canyons into the Front Range. After 
sunset the air against the mountain side is coded and begins to flow toward the lower elevations 
(downslope). The pattern for the Denver area during downslope is flow moving down the canyons of 
the Front Range onto the plains. This flow converges with the South Platte River Valley flow moving 
toward the north-northeast. 
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Temperatures at Rocky Flats are moderate. On the average, daily summer maximum temperatures 
range from 55 to 85 degrees Fahrenheit (OF) and winter maximum temperatures range from 20 to *OF. 
Extremely warm or cold weather is usually of short duration. Based on precipitation averages collected 
between 1953 and 1976, the mean annual precipitation at the Plant is approximately 15 inches. 
Approximately 40 percent of the precipitation falls during the spring, predominantly as wet snow. 
Autumn and winter are drier seasons, accounting for 19 and 11 percent of the annual precipitation, 
respectively. Thunderstorms from June to August account for about 30 percent of the total precipitation. 
Snowfall, generally occurring between October and May, averages 85 inches per year. 

1.3.4 Surrounding Land Use and Population Density 

The Rocky Flats Plant is located in a rural area. Approximately 50 percent of the area within 10 miles 
of the Rocky Flats Plant is in Jefferson County. The remainder is located in Boulder County (40 percent) 
and Adams County (10 percent). According to the 1973 Colorado Land Use Map, 75 percent of this 
land in 1973 was used for agriculture or was undeveloped. Since 1973, portions of this land have been 
converted to residential use, with several new housing subdivisions being constructed within a few miles 
of the buffer zone. One subdivision is located south of Jefferson County Airport, to the northeast, and 
several are located southeast of the Plant (EG&G 1991a). 

A recent demographic study shows that approximately 2.2 million people lived within 50 miles of the 
Rocky Flats Plant in 1989 (U.S. DOE 1990a). Approximately 9,100 people lived within 5 miles of the 
Plant in 1989. The most populous sector lies to the southeast, toward Denver. Recent population 
estimates, registered by the Denver Regional Council of Governments (DRCOG) for the eight-county 
Denver metro region, have shown distinct patterns of growth during the first and second halves of the 
1980s. Between 1980 and 1985, the population of the eight-county region increased by 197,890 -- a 
2.4 percent annual growth rate. Between 1985 and 1989, a population gain of 71,575 was recorded, 
representing a 1.0 percent annual increase (the national average). The 1989 population showed an 
increase of 2,225 (or 0.1 percent) over 1988 (DRCOG 1989). 

a 

There are 8 public schools within 6 miles of the Rocky Flats Plant. The nearest educational facility is 
the Wilt Elementary School, approximately 2.7 miles east of the plant buffer zone. The dosest hospital 
is Centennial Peaks Hospital, located approximately 7 miles to the northeast. 

The closest park and recreational area is Standley Lake Reservoir, approximately 5 miles southeast of 
the Plant. Boating, picnicking, and limited overnight camping are permitted. Several other small parks 
exist in communities within 10 miles. The closest major park, Gdden Gate Canyon State Park, located 
approximately 15 miles to the southwest, provides 8,400 acres of general camping and outdoor 
recreation. Other national and state parks are located in the mountains west of the Rocky Flats Plant, 
but all are more than 15 miles away. a 
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Some of the land adjacent to the Plant’s buffer zone is zoned for industrial development. Industrial 
facilities within 5 miles include the TOSCO laboratory (a 40-acre site located 2 miles south), the Great 
Western Inorganics Plant (2 miles south), the Frontier Forest Products yard (2 miles north), the ldealite 
Lightweight Aggregate Plant (2.4 miles northwest), and the Jefferson County Airport and Industrial Park 
(a =-acre site located 4.8 miles northeast). Several ranches are located within 10 miles of the plant, 
primarily in Jefferson and Boulder counties. They are operated to produce crops, raise beef cattle, 
supply milk, and breed and train horses. According to the 1987 Colorado Agricultural Statistics, 
20,758 acres of crops were planted in Jefferson County (total land area of approximately 475,000 acres) 
and 68,760 acres of crops were planted in Boulder County (total land area of 405,760 acres). Crops 
consisted of winter wheat, corn, barley, dry beans, sugar beets, hay, and oats. Livestock consisted of 
5,314 head of cattle, 113 hogs, and 346 sheep in Jefferson County, and 19,578 head of cattle, 
2,216 hogs, and 12,133 sheep in Boulder County (Post 1989). 

1.3.5 Ecology 

A variety of plant life is found within the Plant boundary. Species are representative of lower 
mountainous and foothill ravine regions and include species of tall and short grass prairie. Riparian 
vegetation exists along the site’s drainages and wetlands. None of these vegetative species present on 
the Rocky Flats facility have been reported to be on the endangered species list (EG&G 1991a). 
Disturbed areas of the Plant have revegetated since establishment of Rocky Flats Plant, as evidenced 
by the presence of disturbance-sensitive grasses like big bluestem (Andropogon gerardii) and sideoats 
grama (Bouteloua curtipendula). 

The fauna inhabiting the Rocky Flats Plant and its buffer zone consists of species associated with 
western prairie regions. The most common large mammal is the mule deer (Odocoileus hemionus), 
with an estimated 100 to 125 permanent residents. There are a number of small carnivores, such as 
coyote (Canis latrans), red fox (Vulpes fulva), striped skunk (Mephitis mephitis), and long-tailed weasel 
(Mustela frenata). A profusion of small herbivores can be found throughout the Plant and buffer zone, 

. consisting of species such as the pocket gopher (Thomomys falpoides), white-tailed jackrabbit (Lepus 
townsendii), and the meadow vde (Microtus pennsylwanicus) (U.S. DOE 1980). 

Commonly observed birds include western meadowlarks (Sturnella neglecfa), homed larks (Eremophila 
alpestris), mourning doves (Zenaidura macroura), and vesper sparrows (Pooecefes gramineus). A 
variety of ducks (Anas sp.), killdeer (Charadrius vociferus), and red-winged blackbirds (Agelaius 
phoeniceus) are seen near pond areas. Mallards (Anas platyrhynochos) and other ducks frequently nest 
and rear young on several of the ponds. Common birds of prey in the area include marsh hawks 
(Circus cyaneus), red-tailed hawks (Buteo jamaicensis), ferruginous hawks (Buteo regalis), 
rough-legged hawks (Buteo lagopus), and great horned owls (Bubo wirginianus) (U.S. DOE 1980). 
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Bull snakes (Piruophis melanoleucus) and rattlesnakes (Crotalus sp.) are the most frequently observed 
reptiles. Eastern yellow-bellied racers (Coluber constrictor flawiventris) have also been seen. The 
eastern short-horned lizard (fhfynosoma douglassi brevirostre) has been reported on the site, but these 
and other lizards are not commonly observed. The western painted turtle (Chfysemys picta) and the 
western plains garter snake (Thamnophis radix) are found in and around many of the ponds (U.S. DOE 
1980). 

1.3.6 Regional and Local Geology and Hydrogeology 

The Rocky Flats Plant is located on a broad, eastward-doping plain of overlapping alluvial fans along 
the Front Range of the Rocky Mountains. Figure 1-3 presents a generalized stratigraphic section of the 
Denver Basin bedrock and Figure 1 4  shows a local stratigraphic section of the Rocky Flats Plant. The 
stratigraphic section that pertains to the Rocky Flats Plant includes, in descending order, unconsdidated 
surficial units (Rocky Flats Alluvium, various other alluvial deposits, valley fill alluvium and colluvium), 
the Arapahoe Formation, the Laramie Formation, and Fox Hills Sandstone. The surficial geology of the 
OU6 area is presented in Figure 1-5. Groundwater occurs under unconfined conditions in both the 
surficial units and the shallow bedrock units. In addition, confined groundwater flow occurs in deeper 
bedrock sandstones (e.g., Laramie/Fox Hills Sandstone). Geologic interpretations are based on 
information from Hurr (Hurr 1976) and from the ongoing geologic characterization studies. These 
interpretations are subject to change or modification based upon information gathered during the 
Phase II Geologic Characterization. A description of each of the geologic units is discussed in the 
following subsections. 

a 

1.3.6.1 Rockv Flats Alluvium 

The Rocky Flats Alluvium is the oldest and topographically highest alluvial deposit in the Rocky Flats 
Plant area (Figure 1-6). The Rocky Flats Alluvium was deposited by braided streams that produced a 
series of coalescing alluvial fans. The alluvium is a broad deposit consisting of a topsoil layer underlain 
by up to 100 feet of varying amounts of silt, clay,and gravel. Unconfined groundwater flow occurs in 
the Rocky Flats Alluvium, which is relatively permeable. Recharge to the alluvium is from precipitation, 
snowmelt, and water losses from ditches, streams, and ponds that are cut into the alluvium. General 
water movement in the Rocky Flats Alluvium is from west to east and toward the drainages. 
Groundwater flow is also contrdled by pediment drainages in the top of the bedrock. Groundwater 
levels in the Rocky Flats Alluvium rise in response to recharge in the spring and decline in the summer, 
fall, and winter. Fluctuations in the groundwater level vary approximately 2 to 25 feet within the Plant 
site vicinity (Hurr 1976). Discharge from the all&um occurs at seeps in the colluvium that covers the 
contact between alluvium and underlying bedrock along the edges of the valleys. Most seeps flow 
intermittently. The Rocky Flats Alluvium thins and becomes discontinuous east of the Plant boundary 
and, therefore, does not directly supply water to wells located downgradient of the Rocky flats Plant. 
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1.3.6.2 Other Alluvial and Colluvial DeDosRs 

Various other alluvial deposits occur topographically below and east of the Rocky Flats Alluvium in the 
drainages of the Rocky Flats Plant. Colluvium (slope wash) mantles the valley side slopes between the 
Rocky Flats Alluvium and the valley bottoms. The colluvium is a product of mass wasting that collects 
on the sides and at the base of hills and slopes. These deposits tend to be poorly sorted mixtures of 
soil debris from bedrock clay and sand, mixed with gravel and cobbles derived from the older alluvium 
which caps the hills and ridges (Hurr 1976). The colluvium varies from a few inches to several feet in 
thickness and rests on bedrock and other alluvial material. In addition to the colluvium, remnants of 
younger terrace deposits including the Slocum and Louviers alluvial deposits occur occasionally along 
the valley sides slopes. Recent valley fill alluvium occurs in the active stream channels. 

Unconfined groundwater flow occurs in these surficial deposits. Recharge occurs through precipitation, 
infiltration from streams during periods of surface water runoff, and by seeps discharging from the Rocky 
Flats Alluvium. Discharge occurs through evapotranspiration and by seepage into other geologic 
formations, subcrops, and streams. The direction of groundwater flow is generally to the east and 
downslope through colluvial materials, and then along the course of the stream in valley fill materials. 
During periods of high surface water flow, some of the water is lost to bank storage in the valley fill 
alluvium and then returns to the stream after the runoff subsides. a 
1.3.6.3 Araoahoe Formation 

Underlying most of the surficial units at the Rocky Flats Plant is the Cretaceous Arapahoe Formation. 
The Arapahoe Formation is a fluvial deposit consisting primarily of siltstone and claystone over bank 
deposits with some silty sandstone channel deposits beneath the Plant. Geologic characterization of 
the Arapahoe Formation beneath Rocky Flats indicates that fluvial channel sequences containing 
sandstones in stream channel-shaped structures occur in this area. Formation thickness varies but 
maximum thickness is approximately 270 feet, and the unit is neatly horizontal beneath the Plant (less 
than 20 dip) (EG&G 199Og and 1990e). The sandstone units in the Arapahoe Formation are composed 
predominately of fine-grained sands and silts, and their hydraulic conductivity is equivalent to or less 
than that of the overlying Rocky Flats Alluvium. The Arapahoe Formation beneath Rocky Flats Plant, 
described by earlier RFI/RI studies, contains more clay and silt than typically described for other areas 
within the Denver Basin. There is a similarity of the siltstones and claystones beneath Rocky Flats to 
those of the Laramie Formation. 

The Arapahoe Formation is recharged by groundwater from overlying surficial deposits and infiltration 
from streams. The main recharge areas are under the Rocky Flats Alluvium although limited recharge 
from the colluvium and valley fill alluvium likely occurs along the stream valleys (U.S. DOE 1990a). 
Recharge is greatest during the spring and early summer, when rainfall and stream flow are at a a 
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maximum and water levels in the Rocky Flats Alluvium are high. Groundwater movement on a regional 
basis is from west to east, in the Arapahoe Formation, although the groundwater flow regime in the 
bedrock has generally not yet been characterized. Regionally, groundwater flow in the Arapahoe 
Formation is toward the South Platte River in the center of the Denver Basin (Robson et at. 1981a). 

1.3.6.4 Laramie Formation and Fox Hills Sandstone 

The Laramie Formation, approximately 700 feet thick, underlies the Arapahoe Formation. This unit is 
composed of a thick upper claystone unit and lower sandstone unit that contains coal beds up to 10 
feet thick. The upper claystone interval is approximately 400 feet thick and is of very low hydraulic 
conductivity; therefore, the U.S. Geological Survey concluded that Plant operations will not impact any 
units below the upper claystone unit of the Laramie Formation (Hurr 1976). 

The lower sandstone unit of the Laramie Formation and the undedying Fox Hills Sandstone form a 
regionally important aquifer in the Denver Basin known as the Laramie-Fox Hills Aquifer. Near the center 
of the basin, the aquifer thickness ranges from 200 to 300 feet. West of the Plant, the Laramie-Fox Hills 
Aquifer can be seen in clay pits excavated through the Rocky Flats Alluvium. The steeply dipping beds 
of these units west of the Plant (approximately a 50° dip) quickly flatten to the east (less than 2 O  dip) 
(EG&G 19Wg and 1990e). Recharge to this aquifer occurs along the rather limited outcrop area 
exposed to surface water flow and infiltration along the Front Range (Robson et at. 1981 b). 

1.4 RECENT GEOLOGIC CHARACTERIZATION 

E G G  has identified inconsistencies in the methods that had been used for logging geologic matefils 
and interpreting geologic data at Rocky Flats. As a result, a project was initiated to further define the 
geologic characteristics of the Rocky Flats Plant by conducting a literature review, reclassifying 
previously obtained samples using standardized procedures, conducting further laboratory testing on 
previously obtained samples, processing seismic data, and then reinterpreting the geology based on 
all available data. 

Interim results of this ongoing study are presented in a draft report (EG&G 199Oe). However, that report 
is a working draft which has not been prepared for distribution. That report presents summaries of 
stratigraphy and structural geology of the area and regions, the current working model of Plant geology, 
conclusions based on the working model, and recommendations for further work required to continue 
the ongoing characterization. Data and summaries of the data pertinent to OU6 are presented in this 
Work Plan. 
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Environmental Management 

SITE CHARACTERWTION 

2.0 
SITE CHARACTERIZATION 

Twenty Individual Hazardous Substances Sites (IHSSs) geographically located along or within the 
drainage areas of North and South Walnut creeks (Figure 2-1) have been designated as Operable Unit 6 
(OU6) in the Environmental Restoration Interagency Agreement (IAG), dated January 22,1991 (US. DOE 
1991). Ten of these IHSSs are detention ponds and include the A-series and B-series Ponds. The 
A-series Ponds, located on North Walnut Creek, are Ponds A-1, A-2, A-3, and A 4  (IHSSs 142.1 through 
142.4), and the pond identified as Pond A-5, which will be referrd to as the pond east of the confluence 
of North and South Walnut creeks and/or as IHSS 142.12 in this work plan. The B-series Ponds, 
located on South Walnut Creek, are Ponds 6-1, B-2, 8-3, 8-4, and 8-5 (IHSSs 142.5 through 142.9). 
The remaining ten IHSSs in OU6 are located on the banks and/or plateau areas which ultimately drain 
into North or South Walnut creeks or the unnamed tributary of North Walnut Creek (Figure 2-1). Four 
of these IHSSs are spray fields and are the North, Pond, South, and the East Area Spray Fields 
(IHSSs 167.1, 167.2, 167.3, and 216.1). Three are trenches and areTrenches A, B, and C (IHSSs 166.1, 
166.2, and 166.3). The remaining three IHSSs are the Sludge Dispersal Area (IHSS 141), the Triangle 
Area (IHSS 165), and the Old Outfall (IHSS 143). In addition to these twenty IHSSs, lHSS 156.2, the Soil 
Dump Area has also been added to the Phase I OU6 investigation because of its location along the 
Walnut Creek drainage. 

The initial step in the development of the OUS work plan was a review of existing information. Available 
historical and background data for each IHSS were collected through a literature search, which included 
references at the Rocky Flats Public Reading Room, various libraries within the Rocky Flats Plant, and 
a review of the Rocky Flats Environmental Database (RFEDS). Information concerning existing alluvial 
and bedrock groundwater wells within and near the North and South Walnut creek drainages has been 
collected for this study (Table 2-1). Personal communications with Plant personnel were also used as 
a source of information during the background data review so that each IHSS could be better described. 
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TABLE 2-1 

ALLUVIAL AND BEDROCK GROUNDWATER WELLS 
IN THE VICINITY OF OPERABLE UNIT 6 

~- 

Well Ground Surface Formation Depth to Screen 
Number Status Elevation Total Depth Completed In Bedrock Interval 

82061 89 

8206289 

8206489 

7287 

8206389 

8206589 

7087 

8206689 

8206889 

8207189 

8207089 ''0 8206989 

8206789 

8207289 

1 ,4  

1 

1 

1 

1, 4 

1 

1 

1 

1 

1 

1 

1 

184 

1 

5,984.5 

5,97759 

5,969.14 

5,969.1 1 

5,969.70 

5,967.80 

5,966.30 

5,959.31 

5,917.09 

5,884.80 

5,883.07 

5,882.42 

5,927.90 

5,948.27 

36.61 

43.05 

11.35 

7.0 

14.74 

36.24 

16.50 

19.41 

18.20 

77.76 

54.0 

22.5 

20.52 

15.89 

Kcl 

Kcl 

Qrf/Kss(w) 

Qrf 

Qrf/Qaf 

W W )  

Qrf/Kss 

Kcl 

Kcl 

Kss(u) 

Kcl 

Kcl 

Kcl 

t w w )  

20.90 

14.80 

7.50 

6.50 

13.30 

9.50 

13.50 

3.70 

3.0 

7.10 

6.0 

6.0 

4.80 

0.20 

25.9035.36 

32.3741.82 

3.25-1 0.0 

3.50-8.76 

4.0-13.50 

23.50-35.14 

3.50-16.26 

8.70-18.17 

8.0-1 7.45 

70.98-75.43 

31.32-53.0 

11.80-21 30 
9.80-19.28 

5.20-14.65 

0886 

0786 

4287 

0686 

8208789 

821 0389 

8208689 

1786 

1686 

8208589 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

5,925.03 

5,924.46 

5,854.05 

5,806.1 0 

5,909.03 

5,873.20 

5,867.60 

5,865.26 

5,864.74 

5,856.50 

821 0489 1 5,856.40 

8208389 ~ 1 5,876.80 

8208489 1 5,876.30 

1 886 1 5,882.82 

1486 1 5,844.71 

63.80 

5.74 

6.60 

8.88 

12.29 

24.35 

23.07 

13.98 

45.06 

5.07 

5.0 

6.0 

6.10 

8.0 

10.40 

8.60 

7.30 

12.50 

7.0 

3.60 

59.08-63.79 

3.0-5.74 

3.0-6.36 

3.28-8.88 

2.88-1 0.93 

13.61-23.07 

12.32-21.80 

3.73-1 3.98 

39.0645.06 

3.233.99 

8.67 Qc 7.0 2.98-7.41 

9.03 Qc 7.30 3.37-7.30 

30.49 Kcl 15.1 0 19.76-29.22 

7.50 Qaf 7.0 . 3.74-7.50 

55.36 K=(w) 11.0 39.42-55.36 
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Well Ground Surface Forma!ion Depth to Screen 
Number Status Elevation Total Depth Completed In Bedrock Interval 

1386 

1586 
6208289 

1286 
1186 

8208089 
62081 89 
B213789 
3686 

P213889 

~~ 

1 

1 
1 

1 

1 

1 
1 

4, 5 
1 

4, 5 

5,037.22 

5,845.61 
5,850.70 

5,780.56 
5,712.19 

5,935.40 
5,935.40 
5,917.80 

5,881.94 

5,954.1 0 
3486 

3586 

e 

TABLE 2-1 
ALLUVIAL AND BEDROCK GROUNDWATER WEUS 

IN THE VICINITY OF OPERABLE UNIT 6 
(Continued) 

P213989 

P219489 
P219589 

P207789 

P209689 

2986 

P218389 

0460 
P207889 

P209789 

2886 

2786 
P209589 

P208889 

P207989 

P2 1 0289 

1 5,910.44 

1 5,909.20 

4, 5 
4, 5 
4, 5 
1.4 
1,4 
1 

4, 5 
1 

1,4 

1,4 
1 

1 

184 

1,4 
1,4 

1,4 

5,954.30 

5,959.50 

5,963.80 

5,965.88 
5,962.63 

5,958.26 
5,956.20 

5,962.0 
5,962.82 

5,962.82 
5,961.23 

5,961.86 
5,948.1 7 

5,947.30 
5,963.09 
5,967.03 

P207689 1, 4 5,966.32 

9.50 

14.69 
16.16 

1 1.30 
10.25 
14.16 
27.58 

8.25 
6.50 

22.03 
56.25 

11.60 
7.20 

22.90 
26.99 

28.63 
27.93 
8.77 
13.77 

17.78 
8.95 

13.75 
8.60 

133.0 
19.77 

99.16 

21.73 
22.27 
14.36 

.. 

Qvf 

Qvf/Kcl 
Kcl 

Qvf 

Qvf 

Qc 
Kcl 

Qc 

Qvf 

Kss(w) 

K=(w) 
Qvf/Kcl 

Qrf 

Qrf 

Qrf 

Kcl 

Kcl 

Qrf 

Qrf 

9.0 

12.50 
0.90 
11.0 
9.50 

12.40 
11.90 

6.40 
5.50 

8.39 
16.10 
10.30 
6.70 

22.45 
25.20 

12.90 
12.20 

8.70 

12.0 

3.09-9.50 

4.09-1 4.69 
5.95-1 5.42 

2.04-1 1.30 
3.44-1 0.25 

3.40-1 2.90 

16.90-26.34 
2.46-6.90 
3.50-6.49 

11.30-20.83 
44.24-56.25 
4.86-1 1.60 
3.29-6.93 

18.48-22.90 
21.27-25.70 

17.90-27.34 

17.20-26.67 

2.83-8.77 
8.06-12.56 

7.20 
12.0 

8.40 
9.20 
4.10 

3.50 
6.0 

6.60 
12.60 

3.26-7.70 

3.0-12.50 

4.03-8.60 
128.50-1 33.0 
9.07-1 8.52 

87.76-96.94 
11 .o-20.48 
11.57-21 .O 

3.64-1 3.10 
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TABLE 2-1 
ALLUVIAL AND BEDROCK GROUNDWATER WELLS 

IN M E  VICINITY OF OPERABLE UNIT 6 
(Concluded) 

We!l Ground Surface formztion Depth to Screen 
Number Status Elevation Total Depth Completed In Bedrock Interval 

Qvf 10.0 2.91-8.50 3886 1 5,728.13 8.50 

0181 3 5,718.90 22.05 - - - 
0586 1 5,720.07 9.76 Qvf 8.0 4.40-9.76 

0486 1 5,636.60 14.92 Qvf 15.0 3.52-14.92 

4087 1 5,882.69 6.70 Qvf 6.20 3.50-6.46 

P219O89 3 5,949.10 15.70 Qaf 10.40 5.0-1 4.44 

P219189 4, 5 5,941.20 12.77 Qrf 11.0 7.08-1 1.50 

3887 1 5,971.79 9.50 Qrf 7.50 3.50-9.27 

P209689 1,4 5,962.63 27.93 Kcl 12.20 17.20-26.67 

P2 1 0089 1 5,098.40 22.93 Kcl 7.20 12.20-21 50 
P209989 1 5,898.1 0 9.58 Qc 7.70 3.81 -8.1 8 

In Appendix D, this existing data is summarized for each sample location by analyte, total samples 
analyzed, hits above the CRQL level, maximum hits and average hit concentration values. 

Key to Status: 1 - Active Well 
2 - Abandoned Borehole 
3 - Inactive Well 
4 - Borehole Sampled 
5 - Observation Well 

Key to Geologic Strata: Qrf - Rocky Flats Alluvium 
Qc - Colluvium 
Qvf - Valley Fill Allwium 
Kcl - Bedrock Weathered Claystone 
Kss(u) - Bedrock Unweathered Sandstone 
Kss(w) - Bedrock Weathered Sandstone 
Qaf - Artificial Fill 
Kss - Undifferentiated Bedrock Sandstone 

Source: EG&G 199Oc 
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The twenty-one IHSSs in OU6 are discussed in detail in the following subsections. The location and 
description of each IHSS, the history of use, surface drainage, nature of contamination, previous 
investigations conducted at or near the individual IHSSs, geology, and hydrology are discussed. The 
A-series Ponds are discussed together in the following sections, as are the 6-series Ponds, since these 
IHSSs have interrelated and similar histories. Also grouped together based on their similar operations 
and use are the North, Pond, and South Area spray fields, as well as Trenches A, B, and C. The areal 
extent and boundary of each IHSS is based on a preliminary review of historical aerial photographs (U.S. 
EPA 1988b), and the historical operations of the unit. The boundaries for each IHSS in this work plan 
are the same as those established in the IAG except for the Old Outfall (Figure 2-1). The boundaty for 
the Old Outfall has been enlarged based on historical maps of this IHSS. Several investigations are 
ongoing near the North and South Walnut Creek drainages, including ongoing surfacewater, 
groundwater, and sediment sampling programs and investigations at OUs 4, 7, and 10. Where previous 
or ongoing investigations have been conducted at or near an IHSS, some of the analytical data are 
included for reference in the following sections. The inclusion of these data is for informational purposes 
only. The geology underlying each IHSS has been characterized by the ongoing geologic 
characterization program in progress by EG&G at Rocky Flats (EG&G 1990e). This program includes 
conducting a comprehensive literature search, reprocessing and describing previously obtained core 
samples, and collecting and analyzing selected samples for grain size analyses. The geologic 
characterization program will incorporate all geologic information Plant-wide for continued refinement 
of the working geologic model. The above referenced report is a draft internal working document. Data 
and results of this characterization that are pertinent to Operable Unit 6 are presented in this work plan. 
In addition to the review of each IHSS, a generic conceptual model for the IHSSs of OU6 has been 
developed. The generic model will be refined and modified appropriate to each IHSS in the RFI/RI 
Report. 

Also discussed in the following section are North and South Walnut Creek drainage systems adjacent 
to the Rocky Flats Plant. North and South Walnut creeks and the unnamed tributary of North Walnut 
Creek constitute the drainage systems which provides a common physical setting for all the IHSSs in 
OU6. 

2.1 NORTH AND SOUTH WALNUT CREEKS 

The Rocky Flats Plant is located on a plateau which is bounded on the north by North Walnut Creek. 
North and South Walnut creeks are intermittent streams that receive surface runoff from the northern 
and eastern portion of the Plant facility and adjoining buffer zone. An unnamed tributary (located 4 mile 
north of the facility and north of North Walnut Creek) receives surface runoff from the northern buffer 
zone. All three of these creeks merge into Walnut Creek within the buffer zone about 1 mile northeast 
of the Perimeter Security Zone (PSZ) (Figure 2-1). Walnut Creek flows toward Great Western Reservoir, 
located approximately% mile east of the eastern boundary (Indiana Street) of the Rocky Flats Plant. The 
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water from Walnut Creek is diverted around Great Western Reservoir by the Broomfield Diversion Ditch, 
and is carried to Big Dry Creek. 

The headwaters of North Walnut Creek originate within the Upper Church Ditch, approximately 14 miles 
west of Highway 93, near Coal Creek (Figure 1-2). This ditch splits within the western buffer zone 
forming McKay Ditch and Church Ditch. North Walnut Creek continues for approximately 3 miles before 
converging with South Walnut Creek to form Walnut Creek. 

South Walnut Creek originates near the center of the Rocky Flats Plant security area and bisects the 
eastern half of the security area. South Walnut Creek converges with North Walnut Creek approximately 
one mile east of the eastern boundary of the main security area (Figure 2-1). The original headwaters 
of South Walnut Creek were backfilled during construction of the Plant's facilities; therefore, flow begins 
near a buried culvert west of Building 991. 

The natural drainage of both North and South Walnut creeks have been modified in the OU6 area by 
the construction of several detention ponds. These detention ponds serve to temporarily detain surface 
runoff draining from the Plant facilities and buffer zone in order for the water to be sampled and 
analyzed prior to release downstream. These detention ponds are also used for spill control 
management. Four detention ponds (the A-series Ponds) were built in North Walnut Creek and five 
detention ponds were built in South Walnut Creek (the B-series Ponds). Following is a brief discussion 
of the drainage system near these detention ponds. 

The four A-series detention ponds (Ponds A-1 through A-4) have been built in North Walnut Creek, 
northeast of the main security area of the Plant facility (Figure 2-1). Surface water in North Walnut Creek 
flows eastward in its original channel to just west of Pond A-1. The A-1 Bypass diverts this runoff 
around Ponds A-1 and A-2 and channels it into Pond A-3, where the water is temporarily detained. 
Currently ponds A-1 and A-2 receive no upstream runoff from North Walnut Creek. These ponds are 
used primarily for spill control management and to detain runoff from the area immediately adjacent to 
these ponds. The water collected in Ponds A-1 and A-2 is not released downstream but is disposed of 
through spray and pond evaporation. Pond A-3 receives surface water from North Walnut Creek and 
runoff from the northern production facilities via the A-1 Bypass. Periodically, water in Pond A-3 flows 
into Pond A 4  The water in Pond A 4  is treated by a granular activated-carbon (GAC) system before 
being discharged into North Walnut Creek. Downstream of Pond A 4  and west of Indiana Street, water 
from Walnut Creek is temporarily detained in a pond, IHSS 142.12, until it reaches a high enough level 
to flow out and downstream into Walnut Creek toward Great Western Reservoir. The effluent from this 
pond is sampled daily when discharging downstream. The water in Walnut Creek is diverted around 
Great Western Reservoir by the Broomfield Diversion Ditch, which carries water to Big Dry Creek. 
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The B-series detention ponds (Ponds B-1 through 8-5) have been built in South Walnut Creek east of 
a 

the main security area of the Plant facility (Figure 2-1). Ponds B-1 and 6-2, are primarily used for spill 
control management and to detain surface runoff from the upstream portion (eastern part) of the facility. 
The water collected in these ponds is not discharged downstream but disposed of through spray field 
evaporation similar to Ponds A-1 and A-2. Pond 8-3 receives effluent from the Sewage Treatment Plant 
(STP) (Building 995) and local surface runoff. Water in Pond 8-3 is continuouslydischarged to Pond 8-4 
under a National Pollutant Discharge Elimination System (NPDES) agreement (Permit Number 
C0-0001333). The purpose of the NPDES agreement is to achieve and maintain compliance with water 
pollution control standards of the Clean Water Act. Discharge limitations and parameters monitored 
under this NPDES permit are summarized in the Surface Water Management Plan at Rocky Flats (U.S. 
DOE 1991 b). The water in Pond B-4 is sampled and analyzed three days a week. Water in Pond 8-4 
is continuously released to Pond 8-5. Pond 8-5 receives water not only from Pond 8-4 but from surface 
runoff from the Central Avenue Ditch located south of the B-series Ponds (Figure 2-1). This ditch 
receives surface runoff that originates near the eastern production facilities. The water in Pond 8-5 is 
not discharged to South Walnut Creek but periodically pumped to Pond A-4, where the water is treated 
through a GAC system before being discharged downstream into Walnut Creek. 

In addition to the physical characteristics described above, there is also analytical data on Walnut Creek 
drainage itself from the sediment, surface water and groundwater samples collected along this drainage 
and its tributaries (Figures 2-1 and 2-2). In the following three sections the existing data from this 
sampling program are reviewed and summarized. 

2.1.1 Existing Sediment Sampling Program 

Sediment samples are being collected quarterly at 16 locations along North and South Walnut Creek, 
the unnamed tributary to the north of North Walnut Creek and from drainages along the north slope of 
the plant site (Figure 2-2). Almost all of these sediment samples have been collected over the last few 
years. This existing sediment sampling program consists of five sediment sampling locations along 
South Walnut Creek, three along North Walnut Creek, four along the unnamed tributary north of North 
Walnut creek, three locations from drainages located on the north slope of the plant site, and one in 
Walnut Creek just west of Indiana Street. Sediment samples are collected from each of these locations 
according to Rocky Flats SOP SW.6, with the samples generally analyzed for TAL metals, TCL-volatiles, 
TCL semi-volatiles, TCL pesticides/PCBs, and radionuclides. These above existing data will also be 
used in Section 7.0 to focus the additional sediment data collection effort in areas where there is data 
lacking. 

Most of the sediment sampling locations have analytical results available from one to four sampling 
events, with these data summarized in Appendix A. A list of sediment locations that have analytical data 
included in this Work Plan can be found on page one of Appendix A. In Appendix A, this existing data a 
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is summarized for each sample location by analyte, total samples analyzed, hits above the CRQL levels, 
maximum hits, and average hit concentration values. The Contract Required Quantitation Limit (CRQL) 
used as a subtitle in Appendix A, refers to the CRQL, the CRDL (Contract Required Detection limit), and 
MDA (minimum detectable activity) for Contract Laboratory Program (CLP) organics, CLP inorganics 
and radionuclides, respectively. MDA is the required detection limit for radionuclides (EG&G 1990d). 
A review of these data for organics from Appendix A (except for the common lab contaminants including 
acetone, methylene chloride, toluene and 2-butanone) reveals that all but two of the locations had very 
few organic/pesticide hits above the CRQL level. Sediment locations SED-124 and SED4 were the only 
locations which had more than three reported organic/pesticide concentrations above the CRQL levels. 
Figure 2-2 lists all of the organic hits above the CRQLs level for each sediment location except for 
acetone and methylene chloride compounds (common lab contaminants). For the other common 
laboratory contaminants (2-butanone and toluene) their concentrations are listed on Figure 2-2 I they 
had reported concentrations above five times the CRQL. This is consistent with EPA guidance for the 
contract laboratory program which recommends that, unless their concentrations are greater than five 
times the CRQL, they should not be considered significant values (USEPA 1988h). The limited number 
of organics detected above the CRQL levels in almost all of the OU6 sediment locations probably 
indicates that these compounds will not be a significant concern for this area. For the two locations 
(SED-6 and SED-124) that detected several organics these concentrations may be due to local factors. 
SED-124 is located downslope from the north part of Rocky Flats which may have impacted this 
location. Location SED4 which detected 12 base neutral compounds during one of its two sampling 
events may be anomalous or due to the Landfill Pond and/or the new Landfill, which are upslope of this 
location. 

In addition to the organic compounds, most sediment locations had reported concentrations above the 
MDA and CRDL levels for radionuclides and metals, respectively (Appendix A). However, the reported 
metal and radionuclide concentrations that are above the CRDL and MDA levels may be representative 
of background concentrations. In addition, there are certain measurement errors associated with the 
radionuclide concentrations contained in Appendix A. Subsequently, some of the detected radionuclides 
.may not actually be above the MDA levels when considering this measurement error. These metal and 
radionuclide results will be further evaluated when background has been more fully established during 
the remedial investigation. 

2.1.2 Existing Surface Water Sampling Program 

Surface water samples are currently collected monthly to monitor the water quality of the detention 
ponds and in the Walnut Creek drainage. A surface water monitoring program was established several 
years ago at Rocky Flats facility and is presently being supervised by EG&G personnel. Numerous 
established surface sampling locations along the drainage area of Walnut Creek and within the A- and 
B-series Ponds (Figure 2-2) are sampled on a monthly basis providing there is water present and the 

Phase I FFI/FU Work Plan - Walnut Creek Priority Drainage 
Rocky Flats Plant, Golden, CO 
N\PRa)ECTS\t5131 OO\C515Q2 

Final 
May 1982 
Page 2-10 



water is not frozen. Analytical results from these surface water samples along the Walnut Creek 
drainage (Figure 2-2) were reviewed for this Work Plan. A majority of available surface water data is 
from 1989 and 1990, with a few samples collected prior to 1989. Surface water samples collected as 
part of the existing program are collected according to Standard Operating Procedure (SOP) SW.3 for 
surface water. 

Many of the surface water sampling locations from the existing sampling program have been compiled 
and summarized and these data are contained in Appendix B. In Appendix B, this existing data Is 
summarized for each sample location by analyte, total samples analyzed, hits above the CRQL levels, 
maximum hits, and average hit concentration values. The subtitle Contract Required Quantitation Limit 
(CRQL) in Appendix C, refers to the CRQL, the CRDL (Contract Required Detection Limit), and MDA 
(minimum detectable activity) for CLP organics, CLP inorganics and radionuclides, respectively. MDA 
is the required detection limit for radionuclides (EG&G 1990d). A list of the surface water stations that 
have analytical data included in this Work Plan can be found on the first page of Appendix B. Many 
of the organic compounds which are listed in Appendix B are cummon laboratory conbminants 
(acetone, methylene chloride, toluene, and 2-butanone) (USEPA 1988h). According to the Statement 
of Work in USEPA Contract Laboratory guidance, these compounds should not be considered 
significant unless they have concentrations greater than five times the CRQL (USEPA 1988h). A review 
of the organic results from the existing stations (excluding the laboratory contaminants listed above) 
reveals that most reported concentrations above the CRQLs were volatile organics from stations located 
immediately downslope of the PSZ either at seep locations or at the headwaters of South Walnut Creek. 
Almost all of the other sampling stations had organic concentrations below the CRQLs levels with only 
a few analytes having higher concentrations (Appendix B). 

a 

A review of the database indicates that most of the surface water sampling locations have detectable 
concentrations of radionuclides and metal concentrations above the MDA and CRDL levels. However, 
detectable concentrations of radionuclides and metals are also found in upstream areas from this OU 
and thus these concentrations may represent background for these areas. These concentrations will 
be further evaluated during the remedial investigation to identify potential sources and to determine if 
they are within the background range for this area. In addition, there is certain measurement error 
associated with the radionuclide concentrations contained in this Appendix. Subsequently, some of the 
detected radionuclides may not actually be above the MDA when considering this measurement error. 

2.1.3 Existing Groundwater Sampling Program 

Groundwater samples from existing wells at Rocky Flats in the OU6 area are currently collected on a 
quarterly basis to monitor the groundwater quality beneath the Plant site (Figure 2-1). Chemical 
analytical results from many of the groundwater wells located near North and South Walnut creeks have 
been compiled , summarized, and reviewed and these data are contained in Appendix C. In Appendix a 
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C, this existing data is summarized for each sample location by analyte, total samples analyzed, hits 
above the CRQL levels, maximum hits and average hit concentration values. The Contract Required 
Quantitation Limit (CRQL) used as a subtitle in the Appendix, refers to the CRQL, the CRDL (Contract 
Required Detection Limit), and MDA (minimum detectable activity) for CLP organics, CLP inorganics and 
radionuclides, respectively. MDA is the required detection limit for radionuclides (EG&G 1990d). A list 
of the groundwater wells with analytical data included in this Work Plan can be found on the first page 
of Appendix C. Many of the organic compounds detected in the groundwater are common laboratory 
contaminants (acetone, methylene chloride, toluene, and 2-butanone) (USEPA 1988h). According to 
the Statement of Work in USEPA Contract Laboratory guidance, these compounds should not be 
considered significant unless they have concentrations greater than 5 times the CRQL (USEPA 1988h). 
Groundwater samples are collected according to Rocky Flats SOP GW.6, with the samples generally 
analyzed for TAL metals, TCL-volatiles, TCL semi-volatiles, TCL pesticides/PCBs and radionuclides. 
Following in Subsection 2.1, analytical results from several groundwater wells near and downgradient 
to specific IHSSs of OU6 have been tabulated to show all analytes above the CRQLs, CRDLs and MDAs. 
Generally in each of the subsequent sections, the groundwater monitoring wells near each IHSS with 
organics above the CRQLs (excluding the common laboratory contaminants) are discussed. The metals 
and radionuclides are also discussed but for many of these analytes their concentrations may be 
representative of background. Subsequently, concentrations above the CRDLs and MDAs will be further 
evaluated in the RI report when there is more information available on the local background for each 
of the IHSSs. There is certain measurement error associated with the radionuclide concentrations 
contained in Appendix C. Subsequently, some of the detected radionuclides may not actually be above 
the MDA when considering this measurement error. 

2.2 A-SERIES PONDS A-1, A-2, A-3, A-4 (IHSSs 142.1, 142.2, 142.3, 142.4), and IHSS 142.12 

2.2.1 Location and Description 

Ponds A-1, A-2, A-3, and A 4  (IHSSs 142.1 through 142.4) in North Walnut Creek, northeast of the main 
security area of the Rocky Flats Plant (Figure 2-3). IHSS 142.12, the pond located approximately 2,500 

feet east of the confluence of North and South Walnut creeks and immediately west (upstream) of 
Indiana Street will be discussed with the A-series Ponds. The size of these ponds vary seasonally but 
are usually maintained at 10 percent capacity. The estimated storage capacity for Ponds A-1 , A-2, A-3, 
and A 4  are 1,660,000; 6,700,000; 14,110,000; and 3,090,000 gallons, respectively. These ponds were 
generally constructed by the placement of an earthen embankment across the North Walnut Creek 
drainage. Outlets and spillways were constructed in some of the ponds. Outlets are used to regulate 
downstream flow from the ponds with spillways used to channel excess water around the embankment 
when the ponds are near their full capacity. As-built drawings for ponds A-2, A-3, and A 4  are contained 
in Appendix D (EG&G 1991~). A description of surface water flows through these ponds is contained 
in Subsection 2.1. 
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2.2.2 History 

The A-series Ponds are used primarily to capture and control surface water runoff from the northern part 
of the Rocky Flats production facilities and from North Walnut Creek. Historically, the A-series Ponds 
have received discharges from several different sources. Between 1952 and 1979, Pond A-1 was used 
to hold laundry wastewater that contained nitrates and radioactive substances, including plutonium and 
uranium, that was discharged into North Walnut Creek from the northern production facilities. Pond A-1 
also received process liquid waste, cooling tower blowdown and steam condensate discharges, which 
contained chromates and algicides. After the construction and completion of Pond A-2 (prjor to 1978) 
the water of Pond A-1 was allowed to flow into Pond A-2 where the water was disposed of by natural 
and spray evaporation (Hurley 1979). 

These discharges, although long since discontinued, produced significant amounts of plutonium in the 
stream sediments of North Walnut Creek and in the sediments of Pond A-1 (U.S. DOE 1980). Pond A-1 
is presently used for spill control management and receives only local surface runoff and seepage that 
may occur in the area. The water collected in this pond is currently disposed of through spray 
evaporation. Pond A-2 received process wastewater and laundry wastewater from Ponds A-1 and 8-2 
(IHSS 142.6). The water from Pond 8-2 was pumped to Pond A-2. The water from Pond A-2 has 
always been disposed of by natural and spray evaporation. Pond A-2 is presently used for spill control 
management, like Pond A-1, and receives only local surface runoff and seepage that may occur near 
this area. 

Pond A-3, constructed in 1971, was used to impound surface water runoff from the northern Plant 
facilities and North Walnut Creek prior to being discharged downstream. Presently, Pond A-3 collects 
surface runoff from the northern production facilities and North Walnut Creek as waters originating 
upstream in North Walnut Creek are diverted around Ponds A-1 and A-2 by the A-1 Bypass and 
channelled into Pond A-3. The water is temporarily detained in Pond A-3 before being released into 
Pond A-4. 

Pond A-4, constructed in 1980, historically received water from Pond A-3. Presently, Pond A 4  receives 
water from Ponds A-3 and 8-5 (the water from Pond B-5 is pumped into Pond A-4). The water in Pond 
A-4 is treated by a GAC system before being discharged downstream into Walnut Creek. 

IHSS 142.12, or the pond east of the confluence of North and South Walnut creeks is used to take flow 
measurements of Walnut Creek. This is accomplished using two Parshall Flumes (6-inch throat and 
36-inch throat). Sediments transported by North and South Walnut creeks may settle out in IHSS 142.12 
due to the quiescent conditions of this pond (Blaha 1990). The effluent from this pond is sampled on 
a daily basis when discharging. Discharging occurs when the capacity of the pond reaches a high 
enough capacity to flow out and downstream into Walnut Creek. a 
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2.2.3 Surface Drainage 

The surface drainage system near Detention Ponds A-1 through A 4  and IHSS 142.12 is discussed in 
Subsection 2.1. Ponds A-1 and A-2 receive local runoff and seepage which may occur near these 
ponds. Pond A-3 receives surface runoff from the northern Plant facilities and North Walnut Creek. 
Pond A-4 receives water from Pond A-3, Pond B-5 and any local runoff or seepage which may occur 
in this area. IHSS 142.12 receives treated water that is discharged downstream of Pond A 4  and runoff 
that may occur in the immediate area. 

2.2.4 Nature of Contamination and Previous Investigations 

The A-series detention ponds have received considerable attention over the last several years, and 
numerous investigations have been conducted on the water and sediment quality of the ponds and 
stream sediments of North Walnut Creek. Included in these studies was a 1970 study conducted by the 
EPA (U.S. EPA 1970), a 1979 study on radioactivity levels associated with the pond sediments (Hurley 
1979), a 1980 study by D. Paine on plutonium in freshwater systems at Rocky Flats (Paine 1980), and 
a 1986 study conducted as a requirement for a RCRA Part B permit application (Rockwell 1988). In 
addition to the above studies, chemical analytical results from groundwater samples collected near these 
IHSSs were reviewed during preparation of this Work Plan. 

The study conducted in February 1970 by EPA involved the analysis of two water samples and three 
bottom sediment samples from Walnut Creek (U.S. EPA 1970). The bottom sediment samples were 
collected by scraping the bottom area below the water line with a hand trowel. Grab samples of water 
were collected in 1-gallon plastic containers with 2 to 5 gallons collected per sample. A water and a 
bottom sediment sample were collected at Location 1 (Figure 2-4) approximately 50 feet upstream of 
the confluence of North and South Walnut creeks. The second sample, in which only a bottom 
sediment sample was collected (Location 2), was about 50 feet downstream of the confluence 
(Figure 2-4). The third sample (Location 3) was collected from Walnut Creek at Indiana Street. The 
water sample at this location was collected on the east side of Indiana Street and the bottom sediment 
sample was collected on the west side (Figure 2-4). Analyses of these water and sediment samples are 
tabulated in Table 2-2. 

The 1979 study concerning radioactivity associated with the pond sediments concluded that most of 
the plutonium was in the pond sediments and that the amount of plutonium in the water depended to 
a great extent on the amount of suspended material in the sample. Sediments showed an extremely 
high affinity for plutonium; the adsorption and fixation of plutonium by sediments was rapid and 
essentially irreversible. The highest plutonium concentrations found within the pond sediments were 
found at subsurface depths rather than on the sediment surface (Hurley 1979). 
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TABLE 2-2 

WATER AND SEDIMENT ANALYTICAL DATA 
ALONG WALNUT CREEK 

Dissolved Radioactivii in Water Samder (pCi/l) 

Gross Total Alp,% 
Station Alpha Tritium Sr-89 Sr-90 Radiation Uranium’ Pu-239 

Location 1 0.9 N.D. 0.1 0.7 <0.1 2.7 0.02 

Location 3 0.6 N.D. 0.1 0.6 <0.1 4.8 0.05 

Radioactivi in Bottom Sediment SamDles (pCi/g) 

Gross Total Alpha 
Station Alpha Sr-90 Radiation Uranium’ PU-239 

Location 1 10 0.1 5.4 2.3 0.50 

Location 2 17 0 2.8 1 .o 3.41 

Location 3 14 0.1 4.1 2.1 0.92 

Source: EPA 1979 

Note: Concentration in &g/l 
N.D. - Not Determined 
(See Figure 2-4 for station locations) 
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The 1980 study by D. Paine, was conducted to determine the behavior of plutonium in the freshwater 
systems at Rocky Flats Plant (Paine 1980). In this study, sediment cores were taken at 5 cm intervals 
on a monthly basis from Pond A-1 during the study period (spring of 1971 through the summer of 1973). 
These core samples were taken to determine the vertical distribution of plutonium in the pond 
sediments. Surface water samples and water samples were collected at 0.5 meter increments from the 
pond surface to the sediment/water interface. 

The average or mean plutonium concentrations (Pu-239 and Pu-240) in unfiltered water and surface 
sediments taken from Pond A-1 during this study period are illustrated in Figure 2-5. Reconstruction 
activities of Pond A-1 resulted in an increase in plutonium concentrations in the surface water samples 
as observed in Figure 2-5, but not in the ponds sediments. The sediment samples collected at depth 
showed no significant vertical variation in plutonium concentrations with depth, probably because of the 
shallow nature of Pond A-1. In addition, the plutonium concentrations detected in the pond sediments 
of Pond A-1 are relatively low in comparison to the B-series Ponds (see Subsection 2.3.4). This my 
be due to the relatively low percentage of plutonium in the filterable fraction of the water samples uable 
2-3). In this 1980 study, Paine concluded that sediments (especially clays) appear to be the major 
reservoir for ultimate plutonium deposition and that relatively insignificant transport of plutonium through 
biotic svstems to man exists. 

The 1986 study "Trends in the Rocky Fiats Surface Water Monitoring" summarized analytical data a 
collected between 1980 and 1985. During this 5-year period, water samples collected from Pond A-1 
had maximum plutonium concentrations of 0.24 pCi/l. Water quality in Pond A-2 was reported to be 
similar to the water in Pond A-1 with maximum plutonium concentrations of 0.17 pCi/l. Higher 
concentrations of uranium-233/234 (6.4 pCi/l) and uranium-238 (5.8 pCi/l) were measured from 
Pond A-2, as compared to samples from Pond A-1 . Pond A-3's water was reported to contain elevated 
uranium-233/234 and uranium-238 concentrations like Pond A-2. Water quality of Pond A 4  was similar 
to background concentrations (Rockwell 1988). 

To provide some background data for the groundwater quality in this area, chemical analytical results 
from two alluvial groundwater wells (1286 and 1386), located adjacent to Pond A-3 and upstream from 
Pond A-1, respectively, were reviewed (Figure 2-3)(Appendix C). Analytical results from both these 
alluvial monitoring wells indicated that several metals and radionuclides above the CRDLs and MDAs 
are present (Tables 2-4 and 2-5) but these concentrations could represent background and will be 
further evaluated during the RI (see Subsection 2.1.3). No organics or pesticide/PCBs (excluding the 
common laboratory contaminants) were detected above the CRQLs in well 1286 and only three organics 
were detected above the CRQLs in well 1386. Chemical analytical results from surface water locations 
within the A-series Ponds and in North Walnut Creek have also been included for reference in 
Appendix B of this Work Plan. Surface water sampling locations in the OU6 area are illustrated on 
Figure 2-2. 
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TABLE 2-3 

PERCENT OF PLUTONIUM ISOTOPES ASSOCIATED WITH 
FILTERABLE FRACTION OF WATER SAMPLES 

FROM ROCKY FLATS PONDS 

Pond Filterable fraction* 

B-1 

B -2 

B -3 

8 4  

c-1 

A-1 

3 0 k . 6  

80 i 12 

80 i 8 

70 i 12 

30 i 30 

35 i 20 

Source: Paine 1980 

* Mean 2 standard error 
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TABLE 2-4 

MAXIMUM HITS ABOVE CRDLs/MDAs 
IN GROUNDWATER SAMPLES COLLECTED FROM WELL 1286 

Total Maximum Hit 
Analyte Samples Total Hits CRDL/MDA' 

Dissolved Metals (Wg/l) 

Antimony 

Calcium 

Chromium 

Lithium 

Magnesium 

Manganese 

Mercury 

Potassium 

Strontium 

Zinc 

Total RADS (pCi/l) 

Americium-241 

Gross alpha 

Gross beta 

Plutonium-239 

Strontium-90 

Uranium, Total 

Uranium-233, -234 

Uranium-235 

Uranium-238 

6 

6 

6 

1 

6 

6 

6 

6 

6 

6 

6 

6 

3 

3 

3 

3 

2 

3 

3 

2 

3 
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2.0 

0.01 

1 .o 
0.0 

0.6 

0.6 

0.6 

118.0 

252042.0 

16.0 

123.0 

264000.0 

336.0 

0.3 

81 00.0 

10.0 

241 685.0 

.2038.0 

25.0 

0.4 

91 .o 
86.0 
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TABLE 2-4 
(Concluded) 

Total Maximum Hit 
Analyte Samples Total Hits CRDL/MDA’ 

Dissolved RADS (pCi/l) 

Americium-241 

Gross alpha 

Gross beta 

Plutonium-239 

Strontium-90 

Uranium, Total 

Uranium-233, -234 

Uranium-235 

Uranium-238 

0.01 

2.0 

2.0 

0.01 

1 .o 
0.0 

0.6 

0.6 

0.6 

0.05 i 

125.0 i 

87.0 i 

0.2 i 

3.0 

35.0 

19.0 f 

2.5 i 

15.0 i 

0.10 

62.0 

51 .O 

1.5 

2.0 

1.2 

3.3 

(,a Source: EG&G 1 9 9 1  h 

Note: 

’ CRDL (Contract required detection limit for CLP inorganics) 
MDA (Required detection limits for radionuclides (EG&G 1990d)) 
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TABLE 2-5 

MAXIMUM HITS ABOVE CRQLs/CRDLs/MDAs . 

IN GROUNDWATER SAMPLES COLLECTED FROM WELL 1386 

Analyte Total Samples Total Hits CRDLlMDA Maximum Hit 

VOA cug/l) 
1,1,2-Tnchloroelhane 17 

Chloroform 17 

Trichloroethene 17 

Dissolved Metals bg/I) 

Calcium 5 
Chromium 5 
Copper 5 

Magnesium 5 
Manganese 5 
Mercury Y Sodium 
Strontium 

Zinc 

1 

2 

1 

5.0 6.0 
5.0 125.0 

5.0 55.0 

5 5000.0 105000.0 

2 10.0 13.0 

1 25.0 62.0 

5 5000.0 34700.0 

1 15.0 48.0 

1 

5 
0.2 0.3 

5000.0 122000.0 

4 200.0 .. 883.0 
1 20.0 28.0 

Total RADs (pCi/l) 

Gross alpha - 1 1 2.0 2.5 f 6.5 
suspended 

Dissolved RADs (pCi/l) 29.0 f 11.0 

Gross alpha - 1 1 2.0 29.0 2 2.5 
dissolved 

Gross alpha 1 1 2.0 8.0 f 3.0 

Gross beta - dissolved 1 1 2.0 11.0 f 4.1 

Gross beta 1 1 2.0 15.5 f .5 

Strontiums9, -90 1 1 1 .o 1.1 f - 
Uranium, total 1 1 0.0 15.00 f - 
Uranium-233, -234 2 2 0.6 10.0 f 2.0 
Uranium-238 2 2 0.6 8.0 f 2.0 

Source: tG&G 1991h 
Note: 
(1) CRQL Contract required quantitation limit for Cff organics) 

CRDL ( L ontract required detection limit for CW inor anics 
MDA (Minimum detectable activii for radionudides &G&d 199Od)) 
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The effluent, if any, from the pond east of the confluence of North and South Walnut creeks 
(IHSS 142.12) is sampled daily when discharging downstream into Walnut Creek. On-site analytical 
results from the effluent of IHSS 142.12 during August, September, and October of 1990 have been 
reviewed for this report. Maximum concentrations for radionuclides include plutonium-239/240 (0.022 
f 0.017 pCi/l), americium-241 (0.035 f 0.039 pCi/l), uranium-233/234 (1.1 1 +- 0.40 pCi/l), and uranium- 
238 (1.09 f 0.26 pCi/l). These data results are recorded in the monthly Environmental Monthly Reports 
prepared by EG&G which are distributed to the regulatory agencies (EG&G 199Of). 

Discharges from Ponds A-3 and A-4 are presently monitored to comply with NPDES permit requirements 
with limitations placed on Pond A-3 for nitrate concentrations and pH values. Pond A-4 has limitations 
on the amount of sediment it can release. Plutonium-239/240, americium-241, uranium-234 and -238, 

and tritium are also monitored in the discharges from these ponds (Rockwell 1987a). Pond A-3 is 
discharged to Pond A-4 when necessary and the water in Pond A-4 is treated by a granular activated 
carbon (GAC) system before being discharged into North Walnut Creek. Flow measurements and water 
quality samples are collected from Pond A-4 during discharge. The analytical data results are presented 
in the monthly environmental monitoring report prepared by EG&G (EG&G 199Of). 

Local runoff and groundwater seepage that naturally collect in detention ponds A-1 and A-2 are 
disposed of through evaporation. High-pressure spraying of water from Ponds A-1 and A-2 over the 
ponds’ surface facilitates the evaporation process (Rockwell 1988). These ponds are not normally 
sampled since there are no surface water releases. 

2.2.5 Geology and Hydrology 

The geology near and beneath the A-series Ponds has been characterized through lithologic information 
obtained from monitoring wells upgradient of the A-series Ponds, within the North Walnut Creek 
drainage, and adjacent to Ponds A-1 and A-3. Monitoring well 1286 adjacent to Pond A-3, encountered 
approximately 1 1 feet of valley fill alluvium, overlying the Arapahoe Formation (Figure 2-3). Monitoring 
well 8208289 adjacent to Pond A-1 encountered the Arapahoe Formation one foot below ground surface 
with one foot of soil on top (Figure 2-3). Colluvium is found on the slopes adjacent to the drainage 
areas of North Walnut Creek. This is illustrated by well 8208489, located upstream from Pond A-1, as 
this well encountered approximately 12 feet of colluvium overlying the Arapahoe Formation (Figure 2-1). 
The Arapahoe Formation, specifically the Arapahoe No. 4 sandstone, is potentially the bedrock unit 
beneath the valley fill alluvium and colluvium in the immediate area. A schematic cross section through 
North and South Walnut creeks, upgradient of the A-series Ponds and also the B-series Ponds, is 
illustrated in Figure 2-6 to show the general geology of the area. Figure 2-7 is a cross section illustrating 
a more detailed section beneath Ponds A-3 and A-4 (EG&G 1991a). 
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Descriptions of the geologic units found beneath and near the A-series Ponds, including the valley fill 
alluvium, colluvium, and the Arapahoe No. 4 sandstone interval, are discussed below. A discussion on 
the hydrogeology of the area is also presented. 

Vallev Fill Alluvium and Colluvium -The valley fill alluvium and colluvium are described together as their 
lithologies are similar. These units are yellowish-brown, silty gravelly clays to gravelly sandy clays with 
fine to coarse sands and quartzite gravels. The colluvium is deposited by slope wash and downslope 
creep of the Rocky Flats Alluvium and the Arapahoe Formation. The valley fill alluvium is stream- 
deposited materials from the erosion of the Rocky Flats Alluvium, Arapahoe Formation, and colluvium 
in this area. 

AraDahoe Formation (No. 4 Sandstone Interval) - The Number 4 sandstone interval of the Arapahoe 
Formation is a stratigraphic unit comprised of fluvial overbank and channel sediments that underlie the 
valley fill alluvium, pond sediments, and colluvium. This sandstone unit, which is approximately 10 to 
15 feet thick, is present in monitoring well 1186 indicating a sandstone channel may be present 
immediately beneath Ponds A-3 and A-4 (Figure 2-7). Based on the lithology encountered in other 
nearby monitoring wells (wells 1286 and 1386), this unit is comprised of a silty clay (Figure 2-3). This 
silty clay unit is believed to be a fluvial overbank deposit time-stratigraphically equivalent to the No. 4 
channel sandstone. 

The uppermost aquifer near the A-series Ponds is the valley fill alluvium. The saturated portion of the 
valley fill alluvium is generally less than 5 feet in thickness with groundwater encountered from 24 to 54 
feet below the ground surface. Based on the lithology of the valley fill alluvium in monitoring wells 1286 
and 1386, this unit probably has moderate permeability. Groundwater flow within the unit is downstream 
primarily to the east. Flow direction is probably modified, however, near each surface impoundment 
by recharge from each pond and by the removal of the alluvial sediments in this area during pond 
construction. 

Beneath the valley fill alluvium, the Arapahoe Formation contains a high percentage of siltstone and 
claystone and is likely to have a lower permeability than the overlying alluvium. However, if the 
Arapahoe No. 4 sandstone is present, it would be expected to have a moderate permeability. 

2.3 B-SERIES PONDS B-1, B-2, B-3, B-4, AND B-5 (IHSSs 142.5, 142.6, 142.7, 142.8, and 142.9) 

2.3.1 Location and Description 

Ponds B-1, 8-2, 8-3, 8-4, and 8-5 (IHSSs 142.5 through 142.9) are built in South Walnut Creek, east of 
the eastern perimeter of the security area of the Plant (Figure 2-8). The estimated capacity for 
Ponds B-1 through 8-5 are 795,000; 1,930,000; 620,000; 600,000 and 23,140,000 gallons, respectively. 
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The 6-series Ponds were generally constructed by the placement of an earthen embankment across 
South Walnut Creek. Outlet structures and spillways were built in some of the ponds to regulate flow 
out of these detention ponds and to channel excess water around the embankments when the ponds 
are near their full capacity. As-built drawings were obtained for Pond B-5 and are contained in 
Appendix E (EG&G 1991~). A description of how these ponds interact with South Walnut Creek’s 
surface water flow is contained in Subsection 2.1. 

2.3.2 History 

The 6-series Ponds are used primarily to capture and control surface water runoff from the eastern and 
central portions of the Rocky Flats production facilities. Historically, several waste disposal activities 
have been associated with the B-series Ponds since the beginning of the Plant operations in 1952. 

Between 1952 and 1973, decontaminated process water and laundry wastewater were released into 
South Walnut Creek and subsequently into the B-series Ponds (Ponds 6-1 through 6-4). Nitrate, 
plutonium, and uranium were contained in these wastes; however, the volume of wastes released into 
South Walnut Creek is unknown (Rockwell 1988). Ponds B-1 and 8-4 also received sanitary effluent 
from the sewage treatment plant (U.S. DOE 1980). 

Pond reconstruction activities between 1971 and 1973 resulted in disturbances of the bottom sediment. 
This construction caused much of the upstream sediment to migrate to the 6-1 pond, which 
subsequently increased the total plutonium inventory in the entire B-series Ponds (U.S. DOE 1980). As 
a result of this activity, there are probably several additional curies of plutonium presently trapped in the 
sediment within the waste discharge pipe and the inlet of Pond B-1 (Rockwell 1988). Presently, 
Ponds 6-1 and 6-2 are used for spill control management and to detain local surface runoff and 
seepage which may occur from nearby areas. Pond 8-3 receives effluent from the Sewage Treatment 
Plant (STP) (Building 995), and local surface runoff. Pond B-4 receives discharges from Pond 8-3. The 
water in Pond B-4 is continuously released into Pond B-5. 

Pond 6-5 was constructed after 1979 and was used as an overflow pond for Pond 6-4. In 1991, a 
diversion pipeline structure was built from Pond C-2 to Pond B-5 and periodically water is pumped from 
Pond C-2 into Pond 6-5. Presently, Pond B-5 receives water from Pond 6-4, surface runoff from the 
Central Avenue Ditch and water from Pond C-2. The water is detained in Pond 6-5 and then pumped 
to Pond A-4, where it is treated by a granular activated carbon (GAC) system prior to being discharged 
downstream into Walnut Creek. 

2.3.3 Surface Drainage 

The surface drainage into and downstream from the B-series detention ponds (Ponds 6-1 through 6-5) 
is discussed in Subsection 2.1. Ponds B-1 and B-2 receive local surface runoff and seepage which may 
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occur near these ponds. Pond 8-3 receives effluent from the STP and local surface runoff. Pond 8-4 

receives water from Pond B-3. The water in Pond 8-4 is continuously released into Pond 6-5. Pond 
B-5, in addition to receiving discharges from Pond 6-4, receives surface runoff from the Central Avenue 
Ditch located south of the B-series Ponds. 

2.3.4 Nature of Contamination and Previous Investigations 

Various investigations of the water and sediment quality within the 8-series Ponds and in South Walnut 
Creek drainage have been conducted. Included in these studies are a study conducted by EPA (U.S. 
EPA 1970), a 1980 study on plutonium in freshwater systems at Rocky Flats (Paine 1980), and a 1986 
study conducted as a requirement for a RCRA Part B Permit Application (Rockwell 1988). In addition, 
chemical analytical results from groundwater samples near these IHSSs were reviewed during 
preparation of this Work Plan. 

In the 1970 study conducted by EPA, a water sample and a bottom sediment sample were collected 
downstream from the B-series Ponds in South Walnut Creek (Figure 2-4). Grab samples of water were 
collected in 1-gallon plastic containers with 2 to 5 gallons collected per sample. Bottom sediment 
samples were collected by scraping the bottom area below the water line with a hand trowel. Analysis 
of this water and bottom sediment sample is presented in Table 2-6. 

The 1980 study by 0. Paine, was conducted in order to determine the behavior of plutonium in the 
freshwater systems at Rocky Flats (Paine 1980). In this study, sediment cores were taken at 5 cm 
intervals on a monthly basis from Ponds B-1, 8-2, 8-3 and 8-4 between the spring of 1971 through the 
summer of 1973. These core samples were taken to determine vertical distribution of plutonium in the 
pond sediments. Surface water samples and water samples collected at depth (0.5 meter increments 
from the pond surface to the sediment water interface) were also collected. 

The average or mean plutonium concentrations (Pu-239 and Pu-240) in unfiltered water samples and 
surface sediment samples from Ponds B-1 through B-4 for this study are illustrated in Figure 2-9. An 
accidental release of water containing low concentrations of Pu-239, -240 was released into the sanitary 
waste system in March 1971. This release is apparent in Figure 2-9. In addition, reconstruction activities 
of each of the ponds between 1971 and 1973 also resulted in a significant increase in plutonium 
concentrations in the mean surface (top 5 cm) Sediments of the ponds (Figure 2-9) (Table 2-7). 
Plutonium concentrations also increased in the sediment sample and unfiltered water sample collected 
at the sampling location at Walnut Creek and Indiana Street during this reconstruction period 
(Figure 2-1 0). This increase suggests that reconstruction played a role in redistributing plutonium in 
Walnut Creek. Also during this study, core samples of the sediments were collected from Ponds 8-1 
through B-4 and analyzed for plutonium at 5 cm intervals. The results from this sampling program 
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TABLE 2-6 

DISSOLVED RADIOACTIVITY IN A WATER SAMPLE AND RADIOACTIVITY 
IN A BOlTOM SEDIMENT SAMPLE ALONG SOUTH WALNUT CREEK 

Total Alpha Total Plutonium Gross Gross 
Strontium-% Radiation Uranium 239 Alpha Beta 

Water 0.6 0.1 7.9 0.04 N.D. N.D. 
Sample ' 
Sediment 0.1 3.4 1.1 3.51 18.0 N.D. 
Sample' 

Source: EPA 7970 

Notes: ' All units in pCi/l except for uranium (pg/I) 
2 All units in pCi/gram dry weight except for uranium (pg/gram) 

N.D. - Not determined 
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TABLE 2-7 

MEAN-SURFACE (TOP 5 CM)-SEDIMENT PLUTONIUM 239/240 
CONCENTRATIONS DURING PRECONSTRUCTION 

AND POSTCONSTRUCTION PERIODS 

Preconstruction Postconstruction 

Pond n* pCi/g? n* p w g t  

8-1 13 200 rf: 70 11 1300 k 350 

B -2 12 80 f 30 11 200 2 60 

8-3 13 30 f 10 11 200 2 200 

84 14 20 f 10 10 55 t 15 

*n - - number of sampling periods 
t Mean f standard error - - 

Source: Paine 1989 
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indicated that the highest plutonium concentrations occurred in Pond 8-1. These plutonium 
concentrations in ponds 8-1, 8-2, B-3 and 8-4 as a function of sediment depth, are illustrated in Table 
2-8 (Paine 1980). 

The 1986 study 'Trends in the Rocky Flats Surface Water Monitoring", summarized analytical data 
collected between 1980 and 1985. The water quality of Pond B-1 was characterized by low major ion 
concentrations and moderately elevated uranium-233/234 (6.4 pCi/l) and uranium-238 (9.6 pCi/l) 
concentrations. Plutonium concentrations were recorded at 4.2 pCi/l. In 1973, the plutonium inventory 
of the sediments in Pond B-1 was 2.9 curies. Hazardous Substance List (HSL) organics were detected 
in these samples, but were reported to be less than the detection limits (Rockwell 1988). Water in Pond 
8-2, unlike the water in Pond B-1, contained background levels for the various radionuclides, with the 
exception of plutonium (0.37 pCi/l). Pond B-3 was characterized by relatively low major ion 
concentrations and background levels for the radionuclides with the exception of plutonium, at a 
concentration of 0.08 pCi/l. Zinc was moderately elevated (0.58 mg/l) and nitrate was present at 
13.4 mg/l (Rockwell 1988). Water in Pond 8-4, which receives surface water runoff and occasional flow 
from Pond 8-3, had levels of uranium-233/234 at 1.5 pCi/l and uranium-238 at 2.1 pCi/l. Major ions 
were at relatively low concentrations and nitrates were undetected. Strontium and zinc occurred at 
0.31 mg/l and 0.36 mg/l, respectively. Radionuclide data available from Pond 8-5 showed slightly 
elevated concentrations of uranium-233/234 (2.6 pCi/l) and uranium-238 (2.1 pCi/l). All other 
radionuclides were at background levels (Rockwell 1988). 

' 
To provide some groundwater quality data for this area, chemical analytical results from two alluvial 
groundwater monitoring wells (3686 and 3786), installed near the B-series Ponds in 1986, were reviewed. 
(Appendix C). Well 3686 is located upgradient from Pond 8-1 and well 3786 is located between 
Ponds 8-4 and 8-5 (Figure 2-8). Several metals were detected above the CRDLs in both wells with 
several radionuclides reported above the MDAs in well 3786. These concentrations may be 
representative of background concentrations and will be evaluated in the RI report when there is more 
information about background for each of these IHSSs (see Subsection 2.1.3). No radionuclide data 
was available from well 3686 during preparation of this Work Plan (Tables 2-9 through 2-10). Only three 
organics with concentrations slightly above the CRQLs, were detected in both wells. Two of the 
organics were reported in well 3686 with the third reported in well 3786 Fables 2-9 and 2-10). The 
organics in well 3686 may be anomalous as low concentrations were reported and they were only 
detected in one of the analyses (Table 2-9). Chemical analytical results from surface water locations 
within the B-series Ponds and South Walnut Creek have been included for reference in Appendix B of 
this Work Plan. Surface water locations in the OU6 area are illustrated on Figure 2-2. 
Discharges from Ponds 8-3 and 8-5 are regularly monitored to comply with NPDES permit requirements. 
Sanitary effluent limitations have been placed on Pond 8-3 and sediment limitations have been placed 
on Pond B-5. All discharges are monitored for plutonium, americium, uranium, and tritium (Rockwell 
1987a). Pond B-5 has a downstream 24-hour time-composite sampler and Parshall flume to monitor 
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TABLE 2-8 

DISTRIBUTION OF PLUTONIUM CONCENTRATIONS IN 
DEPTH PROFILES OF PONDS 6-1 THROUGH 8-4 

Plutonium concentration, (d/min)g-’ 

Depth, cm Pond B-1 Pond 8-2 Pond 8-3 Pond 8-4 

0 - 5  2,000 260 40 430 

5 - 10 2,200 80 170 190 

10 - 15 10,900 40 370 20 

15 - 20 32,100 60 330 4 

20 - 25 8,800 230 20 7 

25 - 30 1,100 190 3 7 

30 - 35 880 390 3 <1 

35 - 40 900 340 380 

40 - 45 190 100 6 

45 - 50 

50 - 55 

55 - 60 

60 - 65 

70 - 75 

75 - 80 

80 - 85 
85 - 90 

90 - 95 

95 - 100 

100 - 105 

105 -110  

110 -115 

30 20 

100 10 

70 9 

5 4 

7 3 

2 

12 

50 

30 

3 

7 

40 

12 

6 

3 

2 

2 

Source: Paine 1980 
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TABLE 2-9 

MAXIMUM HITS ABOVE CRQLs/CRDLs 
IN GROUNDWATER SAMPLES COLLECTED FROM WELL 3686 

Anafyte Total Samples Total Hits CRQL/CRDL’ Maximum Hit 

VOA Wl) 
Tric!hxthene 9 1 5.0 6.0 

Vinyl chloride 6 7 10.0 13.0 

Dissolved Metals (pg/l) 
Antimony 1 1 60.0 65.8 

Calcium 1 1 5000.0 215000.0 

Chromium 1 1 10.0 21.9 

Lithium 1 1 100.0 123.0 

Magnesium 1 1 5000.0 74000.0 

Manganese 1 1 15.0 77.3 

Nickel 1 1 40.0 . 287.0 

Sodium 

Strontium 

1 

1 

1 

1 

5000.0 288000.0 

200.0 2020.0 
Zinc 1 1 20.0 22.1 

Source: EG&G 1991 h 

required quantitation limit for CLP inor anics) 
detection limits for radionudides (EG& e 1990d)) 
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TABLE 2-10 

ISOTOPIC COMPOSITION OF ROCKY FIATS URANIUM 

Relative Weight (Percent) Relative Activitg (pCi/c(g) 

Natural Depleted Natural Depleted 
Uranium Uranium Uranium Isotopic Uranium 

U-232 0 Trace 0 Trace 

U-233 0 Trace 0 Trace 

U-234 0.0057 0.002 0.35 .124 

U-235 0.72 0.3 0.015 .006 

U-236 0 0.0003 0 .0m2 

U-238 99.27 99.7 0.33 .332 

a Relative activity is obtained by multiplying the percentage by weight by the specific activity. 
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discharge. The data on water quality results from the discharge of this pond are recorded and 
presented in the Environmental Monitoring Report prepared by EG&G (EG&G 19909. Continuous flow 
measurements and daily water quality samples are collected at Pond 8-5. 

2.3.5 Geology and Hydrology 

The geologic units near and beneath the B-series Ponds and within the drainage area of South Walnut 
Creek include valley fill alluvium, colluvium, and the Arapahoe Formation. Two monitoring wells 
(wells 3686 and 3786), drilled adjacent to Ponds B-1 and 8-5 in South Walnut Creek encountered 
approximately 5% to 7 feet of valley fill alluvium (Figure 2-8). The valley fill alluvium is a yellowish-brown 
to light-gray sandy clay to clayey gravel unit. Beneath the valley fill alluvium is the Arapahoe Formation 
which is described as a yellowish-gray to light-olive gray claystone in the above wells. A schematic 
cross section across South Walnut Creek upgradient from the B-series Ponds is presented in Figure 2-6. 

The uppermost aquifer near the B-series Ponds is the valley fill alluvium. Groundwater is encountered 
a few feet below the ground surface in this area, and groundwater flow is generally to the east. The flow 
through the valley fill alluvium probably has been modified near each surface impoundment by recharge 
from the pond and the possible removal of the alluvium during pond construction. The valley fill 
alluvium likely has moderate permeability, in comparison to the Arapahoe Formation which is primarily 
a claystone with a low permeability. Therefore, groundwater flow probably does not migrate through 
the Arapahoe Formation. 

2.4 NORTH, SOUTH, AND POND AREA SPRAY FIELDS (IHSSs 167.1, 167.2, and 167.3) 

2.4.1 Location and Description 

lHSSs 167.1, 167.2, and 167.3 are located north of the security area of the Plant and north of North 
Walnut Creek (Figure 2-11). The North and South Area Spray Fields (IHSSs 167.1 and 167.3), which 
occupy approximately 172,500 and 40,000 square feet (3.96 and 0.92 acres), respectively, are partially 
located on the plateau areas that bound the unnamed tributary on North Walnut Creek. The Pond Area 
Spray Field (IHSS 167.2) occupies approximately 31,250 square feet (0.72 acres) and is located on a 
north-facing slope leading into the present-day Landfill Pond (Figure 2-1 1). These spray fields are 

presently covered by grasses common to the Rocky Flats Area. 

2.4.2 History 

The periods during which these IHSSs were operational are not precisely known; however, the spray 
fields were used shortly after the present landfill became active in 1968. These fields were used solely 
for the purpose of spraying water over the ground surface to enhance evaporation of the water. The 
water sprayed over these spray fields was obtained from two ponds located east of the Present Landfill a 
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(IHSS 114) (Figure 2-1). These two ponds, referred to as the East Landfill Pond (the existing landfill 
pond) and the West Landfill Pond (no longer present), were used to intercept groundwater that may 
have been contaminated by leachate generated at the landfill, and to impound leachate generated by 
the landfill, respectively (Figure 2-1). In addition, the East Pond was used for spill control management. 
In May 1981, with the expansion of the landfill (US. DOE 1990a), the West Pond was covered over. 

Spray evaporation was selected as the method to dispose of water from these ponds. The first area 
used as a spray field was the South Area Spray Field (IHSS 167.3). During operation of this spray field, 
surface runoff was found to be draining toward North Walnut Creek. The use of this field was 
subsequently discontinued and the spray irrigation was moved to the North Area Spray Field 
(IHSS 167.1). During operation of this spray field, the water sprayed onto this unit was found to be 
draining into the unnamed tributary of North Walnut Creek and, subsequently, into Walnut Creek. The 
spraying was again discontinued and moved to the Pond Area Spray Field (IHSS 167.2). During 
operation of this spray field, the drainage from this unit flowed back into the existing landfill pond and 
thus water was continuously contained within this pond. 

2.4.3 Surface Drainage 

Surface runoff across the North Area Spray Field (IHSS 167.1) and the South Area Spray Field 
(IHSS 167.3) flows toward the unnamed tributary of North Walnut Creek (Figure 2-7). Surface runoff 
across IHSS 167.2 flows to the north, where it enters into the present landfill pond. 

0 

2.4.4 Nature of Contamination and Previous Investigations 

No previous studies have been conducted at these spray fields. However, there are some chemical 
analytical results from surface water samples collected from the West and East Landfill Ponds. These 
data are significant, since the water from the ponds was sprayed onto the spray fields. 

In September 1973, tritium and strontium were detected in the drainage of the Rocky Flats Sanitary 
Landfill. Due to this discovery and since the two landfill ponds collected water and leachate generated 
from the landfill, samples from the two ponds were analyzed for these two analytes. Strontium 
concentrations for both landfill ponds were reported from 1973 until 1984 and are contained in 
Table 2-11 (Blaha 1987). In addition, between 1973 and 1980, monthly tritium concentrations were 
reported for the West Pond (no longer present) with the results tabulated in Table 2-12. 

To provide some background data on the surface water and groundwater quality in this area, analytical 
results from surface water samples collected from location SW-100 and groundwater samples collected 
from monitoring well 8206789 have been reviewed (Figure 2-11). Surface water location SW-100 is 
located downgradient from IHSS 167.3, and is located in the unnamed tributary north of North Walnut 
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TABLE 2-1 1 

ISOTOPIC COMPOSITION OF ROCKY FIATS PLUTONIUM 

Specific Alpha Specific Beta Relative" 
Relative Weight Activity Activity Activity 

Isotopic (percent) (Curies/gram) (Curies/gram) (Curies/gram) 

Pu-238 0.01 17.1 I 0.001 71 

Pu-239 93.79 0.0622 __ 0.056834 

Pu-240 5.80 0.228 -- 0.01322 

103.5 0.37260 

PU-242 0.03 0.00393 __ 1.18 X lo8 
Am-241 -- 

PU-241 0.36 - 

-- __ 3.42 b 

Source: Rockwell, 1 M b .  

'Relative activity is obtained by multiplying the percent by weight by the specific activity. 

Total activity for the plutonium isotopes is: 

Alpha 0.0732 curries/gram 
Alpha plus Beta 0.446 curies/gram 

bAm-241 daughter from decay of Pu-241. 
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TABLE 2-12 

OU 5 PHASE I SITE CHARACTERIZATION OF EXPOSURE PATHWAYS: 
ORIGINAL LANDFILL (IHSS 115) 

Contaminant Primary Release Transport Secondary Release 
Source Mechanism Media Mechanism 

Buried Waste 
Table 7-1 
(1,2,3,4,5,6,8,10,13,14) 

Contaminated Surface 
Soil 
Table 7-1, (267) 
Table 7-4 

Fugitive Dust 
Wind Erosion 

Section 7.2.5 
Air Sampling 
Table 7-1, (7) 

Surface Runoff 
Table 7-1, (1 5) 
Table 7-4 (2-4) 

Volatilization 
Table 7-1, (15) 

Infiltration 
Percolation 
Table 7-1, 
(3,4,5,9,10,11,12) 

Biotic Uptake 
Section 9.0 

Tracking 
Section 9.0 

Air 
Section 7.2.5 

Surface Water 
Table 7-1 , (13-15) 
Table 7-4 
Table 7-4, (2-4) 

Groundwater 
Table 7-1, 
(3,4,5,9,10,11,12) 

Biota 
Section 9 

Settled Dust on Plants - 
Phase II 

Settled Dust on Soil 
Section 7.2.5 
Table 7-1, (7) 
Table 7-4, (2,3,4) 

Settled Dust on Water 
Table 7-1, (15) 
Table 74, (2,3,4) 

Biotic Uptake Section 9 

Deposition 
Table 7-1, (15) 
Table 7-4, (2-4) 

Irrigation OU 3 Work 
Plan 
Infiltration 
Table 7-1, (9-1 1) 
Table 7-4, (2-4) 

Volatilization 
Table 7-1, (7); 7-4, (2-4) 

Fugitive Dust Wind 
Erosion 
Table 7-1, (15); 7-4, 
(2-4) 

Seepage 
TaMe 7-1 (10-12) 

Pumpage 
TaMe 7-1 ; OU 3 Work 
Plan 

Volatilization 
Table 7-1, (7,11), 7-4, 
(2-4) 

Bidearadation-Phase II 
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Creek (Figure 2-1 1). Only two organics, 4-methylphenol and Phenol (excluding the common laboratory 
contaminants) have been detected above the CRQLs in water samples collected from this location 
(Appendix 8). Both these organics were only detected during one sampling event. No pesticides/PCB 
compounds were detected. Several metals and radionuclides were reported above the CRDL and MDA 
levels and will be further evaluated during the RI (see Subsection 2.1.3). Chemical analytical results from 
a bedrock groundwater monitoring well (B206789), installed in 1989, was reviewed also to provide 
groundwater quality data for this area (Appendix C). This well is located downgradient from the Pond 
Area Spray Field (IHSS 167.2) (Figure 2-1 1). No organics or pesticides/PCBs were reported above the 
CRQLs in this well but several metals and radionuclides were reported above the CRDLs and MDAs 
(Table 2-13). The metals and radionuclides in both the surface water and groundwater may be 
representative of background conditions. Further evaluation of this data will be conducted and 
presented in the RI report when more data is available for the background concentrations in this area 
(see Subsection 2.1.3). 

2.4.5 Geology and Hydrology 

The geology near and beneath these spray fields has been characterized from lithologic information 
obtained from the limited nearby monitoring wells and by the general knowledge of the geology of the 
area. The Rocky Flats Alluvium, colluvium and the Arapahoe Formation are the geologic units which 
underlie these IHSSs. 

The Rocky Flats Alluvium is the surficial geologic unit underlying IHSS 167.3 and the western half of 
IHSS 167.1 (Figure 1-5). The Rocky Flats Alluvium is described as a poorly sorted, gravelly sandy clay 
to gravelly clayey sand, with subangular grains and scattered cobbles. 

Colluvium is likely to be present beneath the eastern half of IHSSs 167.1 and 167.3 based on the 
lithology of monitoring well 8206689 located slightly downslope from IHSS 167.3 (Figure 2-1 1). The 
colluvium is approximately 3 feet thick and is described as a silty sandy gravel to gravel containing 
cobbles and clay. 

Fill and possibly colluvial deposits underlie the Pond Area Spray Field (IHSS 167.2). This is based on 
the lithologic units encountered in well B206789 located 10 feet downslope from this IHSS (Figure 2-1 1). 

Approximately 5 feet of fill was encountered overlying the Arapahoe Formation. The fill in this area is 
described as a consolidated, poorly sorted, brownish-gray sandy clay unit with angular to subangular 
sand. 

The Arapahoe Formation underlies the Rocky Flats Alluvium, colluvium and fill in this area. This 
formation is described in nearby monitoring wells as a silty claystone to claystone, mottled, with very 
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TABLE 2-13 

OU 5 PHASE I SITE CHARACTERIZATION OF EXPOSURE PATHWAYS: 
INCINERATOR, ASH PITS AND CONCRETE WASH PAD (IHSS 133) 

Contaminant Primary Release Transport Secondary Release 
Source Mechanism Media Mechanism 

Buried Waste Fugitive Dust Air Settled Dust on Plants - 
Table 7-1 Wind Erosion Section 7.2.5 Phase II 
(1,2,3,4,5,6,7,8) 

Section 7.2.5 Surface Water Settled Dust on Soil 
Air Sampling Table 7-2, (6) Section 7.2.5 
Table 7-2, (6) Table 74,  (1) Table 7-2, (6) 

Table 7-4, (1) 

Settled Dust on Water 
Table 7-2, (6) 
Table 74 ,  (1) 

Contaminated Surface Surface Runoff Groundwater 
Soil Table 7-2, (6) Table 7-2, 
Table 7-2, (2,3,4,5,6) Table 7-4 (1) 
Table 7-4 (1) Biota 

Volatilization Section 9 
Table 7-2, (15) 

Infiltration 
Percolation 
Table 7-2, (3,4,5,7,8) 

Biotic Uptake 
Section 9.0 

Tracking 
Section 9.0 
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Biotic Uptake Section 9 

Deposition 
Table 7-2, (6) 
TaMe 74,  (1) 

Irrigation OU 3 Work 
Plan 
Infiltration 
Table 7-2, (3-8) 

Vdatilization 
Table 7-2, (6), 74 ,  (1) 

Fugitive Dust Wind 
Erosion 
Table 7-2, (6), 74 ,  (1) 
Sec. 7.2.5 
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TABLE 2-13 

OU 5 PHASE I SITE CHARACTERIZATION OF EXPOSURE PATHWAYS 
INCINERATOR, ASH PITS AND CONCRETE WASH PAD (IHSS 133) 

(Concluded) 

Contaminant Primary Release Transport Secondary Release 
Source Mechanism Media Mechanism 

Seepage, Table 7-2, 
Table 7-2, (5,7,8) 

Pumpage 
OU 3 Work Plan 

Vdatil ization 
Table 7-2, (6); 74,  (1) 

Biodegradation-Phase II 
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fine- to fine-grained sand. The Arapahoe Formation is found at a depth of approximately 4 to 6 feet 
below ground surface, and is highly weathered near the top of the unit. 

Groundwater flow is toward the surrounding drainages and is discharged from the Rocky Flats Alluvium 
at the contact with claystones of the Arapahoe. The depth to groundwater under the spray fields is, 
however, unknown. 

2.5 EAST AREA SPRAY FIELD (IHSS 216.1) 

2.5.1 Location and Description 

The East Area Spray Field (IHSS 216.1) is located within the buffer zone, northeast of the northeastern 
boundary of the security area of the Plant facility. It is geographically on an east-west trending interfluve 
that separates North and South Walnut creeks in the vicinity of the A-series and B-series Detention 
Ponds (Figure 2-8). This IHSS covers an area of approximately 150,000 square feet (3.4 acres). 

2.5.2 History 

This spray field became operational in 1989 to provide an additional area to accommodate the spray 
evaporation of water in Pond 8-3. The water in Pond B-3 is from the effluent of the Sewage Treatment 
Plant (STP) (Building 995) and local surface runoff. The use of this area as a spray field stopped shortly 
after it became operational in the latter part of 1989 due to excessive runoff problems. 

a 

2.5.3 Surface Drainage 

Surface runoff across IHSS 216.1 is primarily to the south, where water flows toward South Walnut 
Creek. South Walnut Creek is about 80 feet lower in elevation than the East Area Spray Field and is 
approximately 500 feet away. 

2.5.4 Nature of Contamination and Previous Investigation 

No previous investigations have been conducted on this IHSS, however, maximum concentrations from 
many analytes detected in the water from Pond 8-3 during 1989, when this water was being sprayed 
upon this IHSS, have been tabulated and are presented in Table 2-14. These data provide some 
information on the quality of the water sprayed on the East Area Spray Field. 
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TABLE 2-14 

OU 5 PHASE I SITE CHARACTERIZATION OF EXPOSURE PATHWAYS: 
C-SERIES DETENTION PONDS (IHSS 142.10-11) 

Contaminant Primary Release Transport Secondary Release 
Media Mechanism Source Mechanism 

Settled Dust on Plants - Buried Waste Fugitive Dust Air 

(1,2,3,5,6) 
Table 7-5, Wind Erosion Section 7.2.5 Phase II 

Surface Water Settled Dust on Soil 

Table 7-5, (6-8) 

Section 7.2.5 
Air Sampling Table 7-5, (4) Section 7.2.5 
Table 7-5, (6-8) 

Settled Dust on Water 
Table 7-5, (4) 

Contaminated Surface Surface Runoff Groundwater 
Soil Table 7-5, (4,5,7,8) Phase I I  
Table 7-5, Table 7-4, (1-4) 
(1,2,3,4,6,7,8) Biota 

Vdatil izat ion Section 9 
Table 7-5, (6-8) 

Infiltration 
Percdation 
Table 7-5, (6-8) 

Biotic Uptake 
Section 9.0 

Tracking 
Section 9.0 

Biotic Uptake Section 9 

Deposition 
Table 7-5, (4, 6-8) 

Irrigation OU 3 Work 
Plan Infiltration 
Table 7-5, (5) 

Vdatilization 
Table 7-5, (4, 6-8) 

Fugitive Dust Wind 
Erosion 
Table 7-5, (4, 6-8) 
Sec. 7.2.5 

Seepage, Table 7-5, (5) 
Phase II 

Pumpage 
Table 76; OU 3 Work 
Plan 

Vdatil kat ion 
Table 7-5, (4, 6-8) 

Biodegradation-Phase II 
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2.5.5 Geology and Hydrology 

The geology beneath this IHSS is somewhat unknown as no monitoring wells have been drilled on this 
IHSS. Therefore, the geology beneath the East Area Spray Field has been characterized by the 
geographic location of this IHSS and from the surficial geologic map of the OU6 area (Figure 1-5). The 
Rocky Flats Alluvium, typical to plateau areas at Rocky Flats Plant, is the surficial geologic unit beneath 
this IHSS. The Rocky Flats Alluvium is estimated to be 5 to 10 feet in thickness based on outcrops that 
surround this IHSS. In this area, the Rocky Flats Alluvium is a poorly sorted, unconsolidated, gravelly 
silty sand unit with fine- to very coarse-grained sand. Beneath the alluvium is the Arapahoe Formation. 
This unit is weathered near the top and consists of claystone with some interbedded sandstone units. 
Further characterization of the lithologic nature and thickness of these formations is needed. 

Groundwater flow beneath this site is unknown because no wells are present near this IHSS. If 
groundwater is present, however, it probably'flows to the northeast where it enters into either the North 
or South Walnut creek drainages. 

2.6 TRENCHES A, 8, AND C (IHSS 166.1, 166.2, and 166.3) 

2.6.1 Location and Description 

IHSSs 166.1, 166.2, and 166.3 are located north of the Rocky Flats security area on a plateau that 
separates North Walnut Creek and the unnamed tributary to the north (Figure 2-1 1). IHSS 166.1 (Trench 
A) is estimated to have dimensions of approximately 40 feet by 190 feet and is located about 100 feet 
southeast of the present landfill. lHSS 166.2 (Trench B) is also estimated to be a 40-foot by 190-foot 
trench that is approximately 125 feet south of IHSS 166.1. IHSS 166.3 (Trench C) consists of two 
separate trenches (Figure 2-1 1). The first trench is located between IHSS 166.1 and IHSS 166.2 and 
is approximately 30 feet by 200 feet. The second trench is located about 300 feet east of IHSS 166.1 
and is estimated to have dimensions of 20 feet by 100 feet. 

2.6.2 History 

The history of these IHSSs and the dates they were active are based primarily on aerial photographs 
(U.S. EPA 1988b), since little documentation is available concerning their operational histories. 
IHSS 166.1 (Trench A) appeared to be active from 1964 until about 1974 (Rockwell 1988). IHSS 166.2 

(Trench B) was active in 1959, though the closure date of this trench is unknown. Evidence of this 
trench was still visible in the 1988 aerial photograph, after which time this area began to revegetate. 
IHSS 166.3 (Trench C) was active between 1964 until possibly 1974 (U.S. DOE 1986b). In 1978, a road 
had been built across a portion of IHSSs 166.1 and 166.3. 
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IHSSs 166.1 and 166.2 received uranium- and/or plutonium-contaminated sludge from the Sewage 
Treatment Plant (Building 995) (Rockwell 1988). No other materials or wastes are known to have been 
placed in these trenches. Materials placed in IHSS 166.3 are unknown, but it is probable that sewage 
sludge was also placed within this trench. 

2.6.3 Surface Drainage 

Surface runoff across these IHSSs is minimal as these surface trenches are located on a relatively flat 
area. However, surface runoff is toward the north, where it enters into either the existing landfill pond 
or the unnamed tributary of North Walnut Creek (Figure 2-11). 

2.6.4 Nature of Contamination and Previous investigations 

Only one previous investigation of this site has been performed. In this investigation, soil samples were 
collected (date unknown) from IHSS 166.1 (Rockwell 1988). Laboratory results from these samples 
reported relatively low concentrations of uranium-233/234 (0.87 f 0.16 pCi/l) and uranium-238 (0.79 f 
0.1 6 pCi/l). Volatile organics (2-butanol, 1,1,1 -TCA, TCE, and toluene) were also detected, but 
concentrations are unavailable (Rockwell 1988). 

To provide some surface water quality data downstream from these IHSSs (IHSS 166.1, 166.2, and 
166.3) surface water location SW-100 (Figure 2-1 1) was reviewed. A discussion on the water quality at 
this location is presented in Subsection 2.4.4 and the analytical results can be found in Appendix B. 
Chemical analytical results from an alluvial groundwater monitoring well (8206489) installed in 1989 was 
also reviewed to provide some background data on the groundwater for this area (Appendix C). Well 
8206489 is located in Trench A (IHSS 166.l), downslope from Trench B (IHSS 166.2) and the western 
part of Trench C (IHSS 166.3) (Figure 2-1 1). Several metals and radionuclides were detected above the 
CRDL and MDA levels in this well with only one volatile organic, Trichloroethene, detected above the 
CRQL (Table 2-1 5). Metals and radionuclide concentrations may be representative of background 
conditions for this area and will be further reviewed during the RI Report when more specific information 
is available on this area. 

2.6.5 Geology and Hydrology 

The geology beneath these trenches has been based primarily on the lithology encountered in 
monitoring well B206489, drilled near IHSS 166.1 (Trench A) (Figure 2-11). Approximately 1.5 feet of 
topsoil has developed on the Rocky Flats Alluvium at IHSS 166.1 and may be present in the vicinity of 
Trenches B and C. Rocky Flats Alluvium is found beneath the topsoil and has a thickness of about 6 

feet in this area. The Rocky Flats Alluvium is described as a poorly sorted, moderately cemented, sand 
and gravel unit, with angular to subangular grains and very fine- to very coarse-grained sands. The e 
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TABLE 2-15 

OU 5 PHASE I SITE CHARACTERIZATION OF EXPOSURE PATHWAYS: 
C-SERIES DETENTION PONDS (IHSS 142.10-1 1) 

Contaminant Primary Release Transport Secondary Release 
Source Mechanism Media Mechanism 

Buried Waste Fugitive Dust Air Settled Dust on Plants - 
Table 7-3, (1-5) Wind Erosion Section 7.2.5 Phase II 

Section 7.2.5 Surface Water Settled Dust on Soil 
Air Sampling Table 7-3, (1) Section 7.2.5 

Table 7-3, (1)  
Table 7 4 ,  (3-6) 

Table 7 4 ,  (3-6) 

Settled Dust on Water 
Table 7-3, (14) 
Table 7 4 ,  (1-4) 

Sediment and Surface Surface Deposition Groundwater 
Water Table 7-3, (1-4) Phase I I  
Table 7-3, (1-4) 
Table 7 4 ,  (3-6) Biota 

Table 7-4, (3-6) 

Volatilization Section 9 
Table 7-3, (1-4) 

Infiltration 
Percolation 
Table 7-3, (5) 

Biotic Uptake 
Section 9.0 

Tracking 
Section 9.0 

Biotic Uptake Section 9 

Table 7-3, (14) 
Table 7 4  (3-6) 

Phase II 

Infiltration 
Table 7-3, (5) 

Vdatil ization 
Table 7-3, (14), 7 4 ,  
(3-6) 

Fugitive Dust Wind 
Erosion 
Table 7-3, (14), 7 4 ,  

Sec. 7.2.5 
(3-6) 

Seepage, Table 7-3, (5) 
Phase I1 

Pumpage 
Phase I I  

Volatilization 
Table 7-3, (14); 7 4 ,  
(3-6) 

Biodegradation-Phase II a 
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Arapahoe Formation underlies the Rocky Flats Alluvium, and is principally a claystone in this area. The 
thickness of this formation in this area is not known as no wells have penetrated through this formation. 

The aquifer in the area of the trenches is Rocky Flats Alluvium. Groundwater is approximately 5% feet 

below ground surface and flow is primarily to the east. The permeability of the Rocky Flats Alluvium is 
likely to be high when compared to that of the Arapahoe Formation, which is primarily a claystone in 
this area, however, further characterization of these two formations is needed. 

2.7 SLUDGE DISPERSAL AREA (IHSS 141) 

2.7.1 Location and Description 

The Sludge Dispersal Area (IHSS 141) is located along the eastern perimeter of the security zone of the 
Rocky Flats Plant facility. The western half of this IHSS is located within the security area of the Plant 
and the eastern half is located within the buffer zone (Figure 2-12). Located on the western half of this 
IHSS are two corrugated metal buildings which cover the present day drying beds of the Sewage 
Treatment Plant. The eastern half of this IHSS gently slopes eastward toward South Walnut Creek and 
the B-series Ponds. Two paved roads cross this IHSS in a north-south direction. One of the roads is 
within the security area while the other is located in the buffer zone. A drainage ditch separates these 
two roads, with the ditch being located on the outside of the security fence. The water which collects 
in this drainage ditch flows out and into the 6-series Detention Ponds. 

2.7.2 History 

Prior to 1983, the Sludge Dispersal Area was an area that received airborne radioactive particles from 
dried sludge packaging operations (Rockwell 1988). The sludge was generated by the sewage 
treatment facility (Building 995) located near the western perimeter of this IHSS. In addition, this area 
may have received spillage of dried or drying sludge from drying beds visible in a 1964 aerial 
photograph (U.S. EPA 1988c), located to the west of this IHSS. 

Radioactive laundry effluent was the only known radioactive effluent entering the drying beds between 
1969 and 1972. By the latter half of 1972, however, plumbing changes were made and all Plant wastes 
were channeled through the Sewage Treatment Plant and then into the drying beds. This resulted in 
increased radioactivity levels in the sludges (Owen 1973). An overflow incident in June 1972 from 
Building 701 contributed elevated levels of plutonium to the effluent entering the Sewage Treatment 
Plant, and subsequently to the drying beds (Owen 1973). 
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2.7.3 Surface Drainage 

Surface runoff across this IHSS drains into South Walnut Creek and subsequently into Detention Pond 
8-1. Pond B-1 is located about 300 feet to the east and is approximately 60 feet lower in elevation than 
the Sludge Dispersal Area. 

2.7.4 Nature of Contamination and Previous Investigations 

Prior to 1983, all Plant wastes were processed at the Sewage Treatment Plant; therefore, a potential for 
contamination within the drying beds by a variety of chemicals, particularly plutonium, is possible. 
However, no previous investigations have been conducted on this IHSS. 

An alluvial groundwater well (well 3686), located near this IHSS (Figure 2-12), has been reviewed to 
provide some groundwater quality near this IHSS. Analytical results from this well are described under 
Subsection 2.2.4 and analytes detected in the water samples collected from this well that were above 
the CRQL and CRDL levels are presented in Table 2-9. To provide for surface water quality data for this 
area, analytical results from surface water location SW-23 has been reviewed. This surface water 
location is located downslope from this IHSS in the headwaters of South Walnut Creek (Figure 2-11). 

No organics or pesticides/PCBs were detected above the CRQLs at this location (Appendix B). Several 
metals and radionuclides were detected above the CRDLs and MDAs, however, further investigations 
need to be conducted as these concentrations may represent background conditions (see Subsection 
2.1.3). 

2.7.5 Geology and Hydrology 

The geology beneath this IHSS has been characterized by the lithology encountered in a nearby 
monitoring well, P213889, located approximately 300 feet west of this IHSS (Figure 2-12). The Rocky 
Flats Alluvium is the surficial geologic unit underlying this IHSS. This alluvium is approximately 5 feet 
thick. The Rocky Flats Alluvium is described as a poorly sorted, unconsolidated, gravelly silty sand with 
subangular grains. Fine- to very coarse-grained sands and quartzites are also present with the lithology 
of the unit becoming more clayey near its base. Beneath the Rocky Flats Alluvium is the Arapahoe 
Formation, and potentially the Arapahoe No. 1 sandstone unit. The No. 1 Arapahoe sandstone unit as 
encountered in well P213889, is described as a poorly sorted, nonstratified , light-gray unit that is stained 
dark yellowish-orange and has very fine- to trace medium-grained subangular sand grains. This unit is 
approximately 24 feet thick and is about 8.5 feet below the ground surface. Below this sandstone unit, 
the lithology of the Arapahoe Formation is a clayey sandstone unit. The uppermost section of the 
Arapahoe Formation is highly weathered and moist. The lithologic nature of the Arapahoe Formation 
beneath the Sludge Dispersal Area, however, is not fully known as no wells have been drilled on this 
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IHSS to determine if the No. 1 Arapahoe sandstone encountered in the nearby monitoring well 
(P213889) is also present beneath the Sludge Dispersal Area. 

The upper aquifer near and beneath the Sludge Dispersal Area is the Rocky Flats Alluvium. The Rocky 
Flats Alluvium beneath this site is moderately permeable based on the Alluvium’s lithologic 
characteristics. Groundwater flow is to the east and the depth to groundwater is approximately 3 feet 
in this area. Downward migration of groundwater from the Rocky Flats Alluvium into the Arapahoe 
Formation in the vicinity of the Sludge Dispersal Area may occur if the lithology of the Arapahoe 
Formation is a sandstone. However, further characterization of the subsurface formations beneath this 
IHSS is needed. 

2.8 TRIANGLE AREA (IHSS 165) 

2.8.1 Location and Description 

The Triangle Area is located within the security area of the Rocky Flats Plant facility between the NE 
Perimeter Road on the north and Spruce Avenue on the south (Figure 2-12). This IHSS covers 
approximately 250,000 square feet (5.7 acres). The western two-thirds of this unit are within the PSZ. 
The PSZ fencing crosses through the eastern one-third of this IHSS in a north-south direction 
(Figure 2-12). The Triangle Area is not paved, is sparsely vegetated, and has been partially covered with 
gravel fill, thickness unknown. The Triangle Area is presently used as a storage yard for various types 
of equipment and pipes. The southwestern corner of this IHSS overlaps slightly with IHSS 176 of 
Operable Unit No. 10. 

2.8.2 History 

The Triangle Area was used as a storage site for miscellaneous wastes between 1966 and 1975. During 
the latter half of 1966 the Triangle Area was first used as a drum storage area when it became necessary 
to remove a large number of drums to the Triangle Area from a field north of Building 883. This was 
due to construction activities of a new decontamination facility in that area. The drums were directly 
placed on the ground through the winter of 1966. In the spring of 1967, the Chemical Operations 
Department at Rocky Flats categorized all drums based on their contents and placed them on wooden 
pallets (DOW 1974a). Various scrap materials stored in the drums included graphite molds, crucibles, 
incinerator ash heels, crucible heels, Raschig Rings and combustible wastes (DOW 1974b). These scrap 
materials were stored until they could be processed for plutonium in Building 771. Drums containing 
graphite and washables were also found stored in the Triangle Area in March 1967. Surfaces of surplus 
equipment stored in the area during this time had detectable concentrations of alpha contamination, 

apparently blown from the nitrate ponds or solar evaporation ponds to the west (DOW 1974a). By 
December 1968, about 5,000 drums had been placed on the Triangle Area. High winds during 
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December 1968 were responsible for damaging many drums located on the Triangle Area. One incident 
that was reported indicated that as many as 150 drums had blown over at one time (DOW 1974a). The 
type of drums and liners used for the storage of wastes in the Triangle Area varied. Until 1969, the 
55 gallon drums used for containment of wastes were made of an inexpensive material, had a liner made 
of double polyethylene bags, and had previously been used to contain miscellaneous wastes. During 
1969, the Chemical Operations group started cutting lids from peroxide container liners, and these were 
used as inside liners for the drums. By 1971, the use of used drums was discontinued due to several 
spills and leaks which had resulted from drum deterioration. Better quality drums were purchased and 
used only once (DOW 1974a). 

In May 1969, a fire occurred in Building 776. Following cleanup operations, the accumulated fire waste 
and residues from the fire were drummed and moved into the Triangle Area for temporary storage until 
they could be sent to the drum counter in Building 771. The amount of plutonium contained in the 
wastes was estimated to determine whether the wastes would be shipped to the Idaho facility or held 
in the Triangle Area until the waste could be processed for the recovery of plutonium (DOW 1974a). 

On five separate occasions, once in 1969, once in 1971, and three times in 1973, leaking drums were 
discovered on the site. A historical summation of each incident is provided below. 

In January 1969, approximately 29 drums were found leaking on the Triangle Area. This leakage 
affected an area of about 200 square feet (Owen 1973). The soil was subsequently removed and 
shipped as hot waste to an off-site facility (DOW 1974a). Following this 1969 spill, all the drums in the 
Triangle Area were transferred to rail/truck cargo containers to help minimize future leakage that might 
occur. This transfer was completed by 1971 (DOW 1974a). 

Leaking drums were again discovered on site in 1971, in spite of the efforts to contain all wastes in 
better quality drums and in the cargo containers. Contaminated soil was removed from approximately 
1,000 square feet of the Triangle Area as a result of this incident. Wastes contained in the leaking drums 
within the cargo containers apparently included incinerator ash heels and Fulflo filters (Owen 1973). 
Insufficient drying of the incinerator ash heels and Fulflo filters may have contributed to the deterioration 
of the drums. This may have resulted in the accumulation of dilute nitric acid, which eventually 
penetrated the bottom of the drums. Condensation of moisture during periods of cold weather may also 
have contributed to liquid accumulation within the drums and eventually penetration of the wastes 
through the bottom of the drums (DOW 1974~). After the 1971 incident, the bottom of the cargo 
containers were routinely fiberglassed on the inside with fiberglass running up approximately one inch 
on each of the four inner walls. This addition was to enhance and improve containment of the waste 
and any moisture buildup within the cargo containers (DOW 1974a). a 
Phase I RFI/RI Work Plan . Walnut Creek Priority Drainage 
Rocky Flats Plant, Golden, CO 
N:\PROJECTS\15131oO\O51592 

Final 
May 1892 
Page 2-58 



In June 1973, a spill from a leaking drum containing nitric acid was found. This spill affected an area 
of approximately 500 square feet. Approximately 40 drums of soil were removed for off-site disposal 
(Rockwell 1988). A second incident in the summer of 1973 occurred when leakage from the contents 
of two drums in a cargo container was discovered. Holes, about one and one-half inch in diameter, 
were found at the bottom of the drums. These drums contained incinerator ash heels (DOW 1974a). 
The two soil contaminated areas were treated with a strippable coating (latex in one case and plastic 
foam in the second) to prevent resuspension of the waste in air. This strippable coating, along with the 
contaminated soil, were subsequently removed and shipped to an Idaho facility as non-retrievable hot 
waste (DOW 1974b). In late 1973, a third area found to be contaminated was temporarily covered with 
latex to protect the area from high winds during the winter of 1973. In August 1974, eight drums of both 
soil and latex were removed from this area (DOW 1974b). 

In September/October 1974, an initial radiometric survey of the Triangle Area identified 26 spots above 
background. Three soil survey instruments were used in this investigation and were a Spark V, FIDLER, 
and Ludlum 12 instrument. A description of each of these instruments along with the original draft 
report from these surveys are contained in Appendix F of this work plan. 

Following this initial survey, several additional radiometric surveys were conducted on portions of the 
Triangle Area during the first half of 1975. These surveys were conducted with a Spark V instrument. 
Included in these surveys were surveys conducted over an area of 1,000 square feet in January (DOW 
1975a), 2,000 square feet in February (DOW 1975b), 1,337 square feet in March (DOW 1975c), 3,000 
square feet in April (DOW 1975d), and 3,500 square feet in May (DOW 1975e). In all cases, no 
additional hot spots were discovered on the Triangle Area. Locations where the surveys were 
conducted on the Triangle Area are not known. 

By June 1975, all cargo containers were removed from the Triangle Area and shipped to an approved 
facility in Idaho. This area has not been used since for radioactive storage (Rockwell 1988). Following 
the removal of the cargo containers, a radiometric soil survey was conducted over an area of 
approximately 4,000 square feet on the Triangle Area. No hot spots were identified from the survey; 
however, six drums of soil from previously discovered hot spots were removed and sent to the drum 
counter at Building 771 (DOW 1975f). A second radiometric survey was conducted on the Triangle Area 
in July 1975 in an area of approximately 2,000 square feet. Two very small hot spots were detected, 
but no soil was removed from these areas at this time (Rockwell 1975). 

In a letter dated July 13, 1979, from Rockwell International to DOE, the results from a radiometric soil 
survey conducted within the PSZ and specifically the Triangle Area were presented. Four areas within 
the Triangle Area were recorded to have above-background readings at this time (Rockwell 1979). By 
January 1980, the soil in these designated areas had been removed (Rockwell 1980). The locations of 
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these excavated areas are shown in Figure 2-12. The amount of soil removed from these areas is 
unknown. 

A preliminary review of aerial photographs for this work plan revealed that in addition to the 55-gallon 
drums stored on this IHSS, miscellaneous equipment was also present on the west and northwest part 
of this IHSS between 1971 and 1983. Stained soils were visible in the northwest corner of this unit in 
the 1971 aerial photograph (U.S. EPA 1988b). In the 1986 aerial photograph, the Triangle Area had a 
minimal amount of material, such as pipes and scrap metal, stored on its premises. 

2.8.3 Surface Drainage 

Surface runoff across this IHSS is minimal as this unit is located on a relatively flat area. However, 
runoff from the Triangle Area flows towards the north and south, draining into North and South Walnut 
creeks via culverts. 

2.8.4 Nature of Contamination and Previous Investigations 

As described above in the history of theTriangle Area (Subsection 2.8.2), several soil investigations took 
place between 1969 and 1980 and soil was removed on several occasions from the area. In January 
1969, due to the discovery of 29 leaking drums on the Triangle Area, radiation levels were detected as 
high as 200,000 dpm/l00 cm2 in adjacent soils (Rockwell 1988). In 1971, leaking drums containing 
incinerator ash heels, Fulflo filters and other miscellaneous waste resulted in levels ranging between 
2,000 to 200,000 dpm/100 cm2 in nearby soils (Rockwell 1988). In June 1973, an incident from a 
leaking drum containing nitric acid resulted in radiation levels of approximately 2,500 dpm/100 cm2 in 
nearby and adjacent soils (Rockwell 1988). After soil removal had been completed from this nitric acid 
spill, a soil sample was collected from the base of the excavation to confirm that the cleanup had been 
adequately performed. This sample had a concentration of 24 dpm/g (Rockwell 1988). 

In June 1975, following the removal of all cargo containers on the Triangle Area, six drums of soil from 
previously discovered areas of anomalous radiation readings were removed. Measurements indicated 
that the contents of five of the drums contained less than 1 gram of plutonium each while the sixth drum 
contained approximately two grams of plutonium (DOW 1975f). 

Radiological surveys conducted in 1975 and 1979/1980 within the Triangle Area resulted in soil being 
removed and drummed for disposal. Soil was removed when surface counts were detected at 
1,000 cpm or greater (Rockwell 1988). All areas reported at or above this level were cleaned up to a 
level of 250 cpm, as determined by a FIDLER probe (Rockwell 1988). 
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In additional to the above soil investigations, analytical results from groundwater samples collected from 
two bedrock groundwater monitoring wells P209689 and P207989, installed in 1989, were reviewed. Well 
P209689 is located in the western half of the Triangle Area and P207989 is located just upgradient from 
the IHSS (Figure 2-12). Several metals and volatile organics were detected in well P209689, but only 
one radionuclide was reported above the CRQLs in this well (Table 2-16). Several metals and 
radionuclides were detected above the CRQLs in the upgradient well P207989, however, no volatile 
organics were detected above the CRQLs in this well (Table 2-17). The metals and radionuclide 
concentrations may be representative of background conditions and will be evaluated in the RI report 
(see Subsection 2.1.3). 

2.8.5 Geology and Hydrology 

The geology beneath the Triangle Area has been characterized by several alluvial and bedrock 
monitoring wells drilled in and adjacent to this IHSS (Figure 2-12). Well data for these wells can be 
found in Table 2-1. Beneath and adjacent to the Triangle Area, the Rocky Flats Alluvium is the surficial 
geologic unit. The thickness of the alluvium beneath this site ranges from approximately 8% feet, as 
encountered in well 2986, to approximately 12 feet as encountered in wells P209689, P209789 and 
P218389 (Figure 2-12). The Rocky Flats Alluvium is described as a yellowish-gray to reddish-brown, 
poorly sorted, silty clayey sand to sandy gravelly clay unit containing subrounded, coarse- to very-fine- 
grained sands and gravels. The Rocky Flats Alluvium thins to about 4 feet, approximately 200 feet 
northwest of the Triangle Area. This is based on the thickness of the Rocky Flats Alluvium in monitoring 
wells P208889 and P209589. South of this IHSS, the Rocky Flats Alluvium thickens to 22.5 and 25 feet 
as encountered in wells P219489 and P219589, respectively (Figure 2-12). 

The Arapahoe Formation underlies the Rocky Flats Alluvium. The lithologic nature of the Arapahoe 
Formation beneath the western boundary of the Triangle Area is described as a yellowish-gray to light 
olive gray consolidated silty claystone based on surrounding monitoring wells. In addition, this unit is 
highly calcareous and is weathered near its top. In alluvial monitoring well 2986 (Figure 2-12) a 
sandstone unit approximately 10 feet thick was encountered in the Arapahoe Formation. This sandstone 
has been correlated and mapped as the Arapahoe Number 1 Sandstone. The extent of this sandstone 
unit beneath the Triangle Area, however, is unknown and further characterization of this formation is 
needed. 

The upper aquifer near and beneath the Triangle Area is the Rocky Flats Alluvium. Groundwater is 

approximately 3 feet below ground surface in this area. Beneath the northern part of the Triangle Area, 
groundwater probably flows toward the north into North Walnut Creek. Based on the topography in the 
southeast part of the Triangle Area, it is estimated that groundwater flows to the east toward South 
Walnut Creek. 
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TABLE 2-16 

MAXIMUM HITS ABOVE CRQLs/CRDLs/MDAs 
IN GROUNDWATER SAMPLES COLLECTED FROM WELL P209689 

CRQL/CRDl/ Maximum 
Analyte Total Samples Total HCs MDA' Hit/Qual!fier 

VOA @g/V 
I ,2-Dichloroethene 3 1 5.0 11 .o 
Carbon Tetrachloride 3 1 

Chloroform 3 2 

5.0 82.0 

5.0 20.0 

Tetrachloroethene 3 1 5.0 6.0 

Trichloroet hene 3 1 5.0 83.0 

Dissolved Metals (ug/l) 
Calcium 1 1 5OOO.O 183000.0 

5000.0 30200.0 Magnesium 1 1 

Manganese 1 1 15.0 16.8 

Potassium 

Sodium 
! 

Strontium 

Total RADS (pCi/l) 

suspended 
Gross alpha - 1 1 

5000.0 56200.0 

5000.0 291 000.0 

200.0 852.0 

2.0 3.5 f 8.0 

Source: EG&G 1991 h 

Note: 
' CRQL (Contract required quantitation limit for CLP organics) 

CRDL (Contract required detection limit for CLP inorganics) 
MDA (Minimum detectable activii for radionuclides (EG&G, 1990d)) 
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TABLE 2-17 

MAXIMUM HITS ABOVE CRDLs/MDAs 
IN GROUNDWATER SAMPLES COLLECTED FROM WELL P207989 

Total Hits CRDL/M D A' Maximum Hit Analyte Total Samples 

Gissolved Metals (ug/l) 

Calcium 1 1 5000.0 63700.0 

Magnesium 1 1 5000.0 49200.0 

Manganese 1 1 15.0 64.0 

Mercury 1 1 0.2 0.25 

S d e n i u rn 

Sodium 

Strontium 1 

Dissolved RADS (pCi/l) 

( @ Gross alpha 2 

1 5.0 17.0 

1 5000.0 241 000.0 

200.0 1060.0 
. .  

2.0 71.0 * 25.0 

Gross beta 2 2 2.0 25.0 i 5.0 

Uranium-233, -234 2 2 0.6 28.0 * 4.0 

Uranium-235 2 2 0.6 1.0 i .5 

0.6 21.0 f 3.5 Uranium-238 2 2 

Source: EG&G 1991 h 

Note: 
' CRDL (Contract required detection limit for CLP inorganics) 

MDA (Minimum detectable activity for radionuclides (EG&G, 1990d)) 
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2.9 OLD OUTFALL (IHSS 143) 

2.9.1 Location and Description 

The Old Outfall (IHSS 143) was located to the northwest of Building 773 (Guard Station) and Building 
771 within the PSZ (Figure 2-1 3). This unit is approximately 30,000 square feet, and has been covered 
with fill (amount unknown). Temporary trailers are currently situated on and near this IHSS. Because 
of the construction activities in this area, the existing drainage system is different from the drainage 
system that existed during the operation of the outfall (Figure 2-14). 

2.9.2 History 

The Old Outfall acted as a catchment basin that received liquids from various sources, the main one 
being the laundry holding tanks in Building 771 (DOW 1971a). Liquid waste from these holding tanks, 
which contained plutonium, were discharged onto the outfall area if plutonium concentrations were 
found to be below 3,300 d/m/l. Between the middle of 1953 until mid-1 957, 4.5 million gallons of liquid 
were released onto the Old Outfall. Approximately 2.23 mCi of plutonium were released with these 
liquids (DOW 1971a). At no time did concentrations from the discharge exceed 1,000 d/m/l (DOW 
1971a). In 1957, a waste line was completed to allow liquid from these holding tanks to flow to 
Building 774. However, periodic releases from these holding tanks occurred between 1957 and 1965 
onto the Old Outfall area and subsequently into North Walnut Creek due to occasional equipment 
problems. During this period, 434,000 gallons of liquid containing 0.25 mCi of plutonium were released 
to the outfall area (DOW 1971a). 

Other sources of discharge to the Old Outfall area from building 771 included the analytical laboratory 
and radiography sinks, the personnel decontamination room (showers), and runoff from the roof and 
adjacent ground areas around the building. No documentation of the quantities of liquid or radioactivity 
content of these liquids was recorded (DOW 1971a). . 

The plutonium contamination contained in these discharges resulted in soil contamination at the point 
of discharge at the Old Outfall (DOW 1973). The first occurrence of soil contamination at the Old Outfall 
was reported in May 1956. Two years later, in May 1958, soil contamination was again found (DOW 
1971a). It is not known if these contaminated soils were removed from this area. 

In May 1968, a sewer line broke at Building 771. This incident caused the sewage lift station tank 
(located to the west of Building 771) to overflow onto the Outfall Area (Figure 2-14). Low concentrations 
of radioactive materials (including plutonium) and various chemicals were detected in the soils near the 
outfall following this spill (Rockwell 1988). In April 1970, hot spots were detected in the soils at the 
Outfall and subsequently soil samples were collected and analyzed. In June 1970, the area between 
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building 771, the Old Outfall and North Walnut Creek was surveyed and in September contaminated soil 
was removed from an area of approximately 75 square feet in size (location unknown) (DOW 1971 b). 

In early 1971, an alpha survey along with soil sampling at the Old Outfall Area disclosed that an area 
of approximately 800 square feet was contaminated with plutonium. One small area showed 
contamination at a depth of 3% feet (DOW 1971~). Removal of soils from an 800 square foot area at 
the Old Outfall began in February 1971 and was completed in early August (Figure 2-14). Soil was 
initially removed from an area 2% feet deep, 3 feet wide and 15 feet long. The depth of this excavation 
became shallower (to a depth of about 1 foot) in the area farthest from the discharge point. East of this 
excavation, a second area, approximately 25 x 30 feet, was excavated to a depth of approximately 
1 foot (DOW 1971a). Digging was performed only when the soils were relatively dry to reduce the 
potential for liquid to collect in the waste drums. Cement was added to each drum before and after the 
placement of the soil into the drums to absorb any liquid that may have been contained within the soil. 
The excavated area and the soil sample results from this area is illustrated in Figure 2-14 (DOW 1971~). 
Following these soil removal activities, the area was considered to be free of significant plutonium 
concentrations (DOW 1971 c). 

2.9.3 Surface Drainage 

The surface drainage near the Old Outfall (IHSS 143) has been modified since this IHSS was active. 
The Old Outfall, ‘during the time in which it was active, received surface runoff from the south via a 
culvert, and liquid discharge from the effluent of Building 771 to the southeast. The water entered into 
a small stream channel and flowed northward into North Walnut Creek (Figure 2-14). 

The Old Outfall Area is presently a flat area, as it has been covered with fill. The surface drainage 
system near this unit now consists of a small ditch, which diverts runoff across a portion of this IHSS 
and subsequently into North Walnut Creek via a culvert beneath the PSZ. In addition, an intermittent 
stream flows from the southwest across the Old Outfall Area to the northeast through a culvert buried 
beneath this IHSS. Water flowing within this channel originates in the buffer zone west of the PSZ. 

2.9.4 Nature of Contamination and Previous Investigations 

Soil investigations took place on several occasions near the Old Outfall. The first report of soil 
contamination in the area was in May 1956, and a maximum concentration of 130 d/m/g gross alpha 
was recorded. Soil samples were analyzed at the Outfall Area again in May 1958 and concentrations 
were reported as high as 2,000 d/m/g gross alpha (DOW 1971a). 
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In April 1970, hot spots detected at the Old Outfall reported concentrations greater than 190,000 d/m/g. 
In June 1971, soil samples collected between Building 771, the Old Outfall, and North Walnut Creek 
showed plutonium activities ranging between 60,000 d/m/g and 200,000 d/m/g (DOW 1971 b). 

Discharges from the Old Outfall and leaching of these discharges through the Old Outfall Area may have 
contributed to contamination in North Walnut Creek. This is supported by plutonium analyses of the 
creek’s water. The average plutonium concentration in North Walnut Creek’s water in December 1970 

was 0.4 pCi/l. The 3-month plutonium moving average in Walnut Creek was 1.1 pCi/l in December 
(DOW 1971 b). Sediment samples collected from North Walnut Creek during the beginning of 1970 were 
also found to contain plutonium, ranging in concentration from 4 to 36 d/m/g (DOW 1973). 

A soil investigation also took place in 1970 following a May 1968 incident when a broken sewer line 
caused the sewage lift station to overflow onto the Old Outfall Area. Radioactivity levels at the Old 
Outfall were recorded to be as high as 100,000 d/m/g in this investigation. Based on these results, 
removal of the contaminated soil began in February 1971 (Figure 2-14) (Rockwell 1988). During initial 
soil removal activities, the soil showed levels ranging between 120 and 1,300 d/m/g. Rocks, after being 
completely dried, recorded levels as high as 10,000 c/m by direct instrument measurements 
(DOW 1971a). The area east of the initial excavation (an area of approximately 25 x 30 feet), after 
removal of approximately 1 foot of soil, still had soil contamination present at depth (Figure 2-14). The 
underlying soil was measured to have levels between 2,000 and 3,000 d/m/g (DOW 1971a). The depth 
of penetration of plutonium into the soil was believed to be due to the soap and detergents discharged 
from the laundry holding tanks of Building 771 (DOW 1971a). Soil removal activities were completed 
in early August 1971. The highest soil contamination level recorded during soil removal activities was 
29,000 d/m/g (DOW 1971~). Final surveys of the area following remediation showed no direct alpha 
count greater than 250 c/m and results averaged 34 d/m/g with a maximum of 150 d/m/g (DOW 
1 971 c). 

To provide some surface water data downslope from this IHSS, surface water location SW-17 was 
reviewed. This location is on North Walnut Creek approximately 100 feet downstream from where 
surface water drains from the Old Outfall Area through a culvert and into the small tributary leading into 
North Walnut Creek (Figure 2-2). No organics were detected above the CRQLs at this sampling 
location, however, several metals and radionuclides were reported above the CRQLs (Appendix B). The 
reported concentrations for metals and radionuclides may be representative of background and will be 
evaluated further during the RI. The data from nearby existing groundwater wells are not summarized 
in this section since they are located too far away to provide useful data. 
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2.9.5 Geology and Hydrology 

The geology beneath and near the Old Outfall has been characterized by its geographic location and 
from lithologic data obtained from monitoring well P219189, located 450 feet to the east (Figure 2-13). 

The two surficial geologic units likely to be beneath the Old Outfall are valley fill alluvium and colluvium. 
An intermittent stream once flowed across this IHSS, contributing minor deposits of valley fill alluvium. 
On the slopes of this drainage system and to the south of this IHSS, colluvium has been deposited 
across this area by slope wash and downslope creep of the Rocky Flats Alluvium and/or Arapahoe 
Formation. 

The rock units encountered in well P219189 located 450 feet to the east were fill (approximately 10 feet) 
overlying the Arapahoe Formation. The fill in this area is described as a dark yellowish-brown, poorly 
sorted, unconsolidated gravelly sand unit, with angular to subrounded fine- to coarse grains. Fill is 
known to have been placed in the area of the Old Outfall; however, the thickness of fill is unknown. The 
Arapahoe Formation is described as a claystone to silty claystone in this area. 

2.10 SOIL DUMP AREA (IHSS 156.2) 

2.10.1 Location and Description 

The Soil Dump Area (IHSS 156.2) is located within the buffer zone, approximately 10 feet northeast of 
the northeastern boundary of the security area of the Plant facility, and northeast of the Triangle Area 
(Figure 2-12). Geographically, this IHSS is on an east-west trending interfluve that separates North and 
South Walnut creeks in the vicinity of the A-series and B-series Detention Ponds. A dirt road crosses 
through this unit in a northeast, southwest direction. The Soil Dump Area covers an area of 
approximately 255,000 square feet (5.9 acres). 

2.10.2 History 

The Soil Dump Area was an area that received between 50 to 75 dump truck loads of soil containing 
low levels of plutonium. These soils were excavated during the construction of Parking Area No. 334 
located in the middle of the western half of the Plant production area. However, the excavated soils 
removed from the Parking Area originally had been excavated around and near Building 774. 
Building 774 is located approximately 100 feet east of Building 771 near the Old Outfall Area 
(Figure 2-13). Asphalt debris and concrete remains were also found within the Soil Dump Area. 
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2.10.3 Surface Drainage 

Surface runoff across this IHSS is minimal as this unit is situated on a flat area that is sparsely vegetated 
(Figure 2-12). However, runoff near the northern boundary flows toward North Walnut Creek and the 
A-series Ponds and runoff near the southern boundary flows toward South Walnut Creek and the B- 
series Ponds. Surface runoff that may flow toward the northeast boundary may cross the East Area 
Spray Field (IHSS 216.1) before draining into North and/or South Walnut Creeks. 

2.10.4 Nature of Contamination and Previous Investigations 

Soils placed onto the Soil Dump Area contained low levels of plutonium (Rockwell 1988). The volume 
of plutonium within these soils and concentrations are not known (Rockwell 1988). A piezometer 
(TH-14) was installed in the northwest corner of this IHSS (exact location unknown), however, no 
records or completion details of this well are available (Rockwell 1988). No other data from previous 
investigations on nearby monitoring stations were identified for this IHSS. 

2.10.5 Geology and Hydrology 

The geology beneath this IHSS has not fully been characterized as no monitoring wells have been drilled 
through this unit. Based on the geographic location of this IHSS, the surficial geologic map of the OU6 
area (Figure 1-5), and the surficial lithologic unit encountered in a nearby monitoring well (B213789) the 
Rocky Flats Alluvium is the formation beneath this IHSS. The Rocky Flats Alluvium is about 6 feet thick 
in this area based on well B213789. The Rocky Flats Alluvium is described as a poorly sorted, 
unconsolidated sandy clay, yellowish-brown to brown, and calcareous. The Arapahoe Formation 
underlies the Rocky Flats Alluvium and in this area the Arapahoe Formation is described as a poorly 
sorted, unconsolidated, calcareous weathered clayey sandstone to claystone with oxide staining. 
Outcrops of the Arapahoe Formation are found at three small locations in a road cut near the western 
boundary of this IHSS. The lithology found at two of these bedrock outcrops are sandstones while the 
other is a claystone unit (Figure 1-5). 

Hydrologic studies beneath and near this IHSS have described the Rocky Flats Alluvium in this area to 
be unsaturated (Rockwell 1988). An alluvium monitoring well (8213789) located approximately 100 feet 
south of the southern most boundary of this IHSS is dry during most of the year (Figure 2-12). Only 
about & foot of water was reported in this well in August 1990. 

2.1 1 SITE CONCEPTUAL MODELS 

A Site Conceptual Model of contaminant exposure pathways from the types of potential contaminant 
sources within OU6 is presented in this section. This Site Conceptual Model identifies all elements of 

Phase I RFI/RI Work Plan . Walnut Creek Priority Drainage 
Rocky Flats Plant, Golden, CO 
N:\PF#JECTS\ 15131oO\051592 

Final 
May lgg2 
Page 2-70 



an exposure pathway (contaminant source, primary release mechanisms, transport media, secondary 
release mechanisms, and exposure route) that were considered in the development of the Phase I Field 
Sampling Plan. After Phase I data is collected, IHSS-specific conceptual models can be developed and 
provide the basis for the BRA. 

The primary purpose of the Site Conceptual Model is to aid in identifying exposure pathways by which 
populations may be exposed to contaminants from the IHSSs. The EPA defines an exposure pathway 
as "...a unique mechanism by which a population may be exposed to the chemicals at or originating 
from the site ..." (EPA, 1989~). As shown in Figure 2-15, an exposure pathway must include a 
contaminant source, a release mechanism, a transport medium, an exposure route, and a receptor. An 
exposure pathway is not complete without each of these five components. The individual components 
of the exposure pathway are defined as follows: 

0 Contaminant Source: For the purposes of the OU6 conceptual model, the 
contaminant sources are waste and/or contaminated media that may be present at 
each IHSS. These sources include buried wastes, and contaminated surface soils and 
sediments. 

0 Release Mechanism: Release mechanisms are physical and/or chemical processes 
by which contaminants are released from the source. The conceptual model for OU6 
identifies mechanisms which release contaminants directly from the source and those 
which release contaminants from transport media (Le., secondary release mechanisms). 
Numerous potential release mechanisms and secondary release mechanisms for OU6 
are discussed in the conceptual model. 

0 TransDort Medium: Transport media are the environmental media into which 
contaminants are released from the source and from which the contaminants are in turn 
released to a receptor (or to another transport medium by a secondary release 
mechanism). Potential transport media for OU6 include, air, soils, sediment, surface 
water, groundwater, and biota (both flora and fauna). 

b ExDosure Route: Exposure routes are avenues through which contaminants are 
physiologically incorporated by a receptor. Exposure routes for receptors at OU6 are 
inhalation, ingestion, dermal contact, and external exposure to radiation from 
radionuclides. 

0 ReceDtor: 
the contamination released from a site. Environmental receptors include biota (both 
flora and fauna) indigenous to the OU6 environs. 

Receptors are human or environmental populations which are affected by 
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2.1 1.1 Contaminant Source Descriptions 

2.11.1.1 A and B Series Detention Ponds (IHSS 142.1 - 142.4 and 142.5-142.9) 

The detention ponds along Walnut Creek drainage are used primarily to capture and control surface 
water runoff. Historically, water and sediment samples from these ponds have occasionally contained 
low concentrations of radionuclides, metals and organic compounds. These contaminants, however 
have primarily been found in the bottom sediments of the ponds. The ponds are used to capture and 
control surface runoff from the northern part of the Rocky Flats production facilities, Various discharges 
that contained nitrates and radioactive substances, including plutonium and uranium, along with laundry 
wastes containing plutonium, flowed into the Walnut Creek drainage. 

2.11.1.2 North, Pond, South Area and East Area Sprav Fields (IHSS 167.1-167.3 and 216.1) 

The spray fields (IHSS 167.1 - 167.3 and 216.1) were used to spray and evaporate the water that 
collected in the East and West Landfill Ponds and water in Pond B-3. Excessive runoff caused spraying 
to be stopped at the North and South Spray Fields. Limited chemical data are available and are 
described in Subsection 2.4.4. Contaminated spray water may have contaminated the surface soils on 
the spray field areas. Groundwater underneath the spray may also be contaminated from infiltration of 
spray contaminants. 

2.11.1.3 Trenches A. B and C (IHSS 166.1 - 166.3) 

The Trenches were storage areas for contaminated soils and sludges. The sludges and soils are all 
believed to have contained low levels of uranium/and or plutonium. The area has not been well 
characterized in terms of site contaminants. 

2.11.1.4 Sludae Dispersal Area (IHSS 141) 

The Sludge Dispersal Area was a storage area for contaminated sludges. The sludges are believed to 
have contained low levels of uranium/and or plutonium. The area has not been well characterized in 
terms of site contaminants. 

2.11.1.5 Trianqle Area (IHSS 165) 

The Triangle Area (IHSS 165) was used as a storage site for miscellaneous wastes, including 55-gallon 
drums containing plutonium-contaminated wastes, between 1966 and 1975. Drum leaks were detected 
on several occasions followed by several cleanup activities. There is currently a 6 inch thick cover of 

Phase I RFI/RI Work Plan . Walnut Creek Priority Drainage 
Rocky Flats Plant, Golden, CO 
N:\PROJECTS\15131 OO\OJ1592 

Final 
May 1882 
Page 2-73 



clean material over the area. At present there is no waste storage in the Triangle area but there is 
storage of equipment. 

2.11.1.6 Old Outfall (IHSS 143) 

The Old Outfall received process and or/laundry wastes between the 1950's and the 1970's including 
plutonium wastes and analytical and radiography wastes. The area was remediated for radioactive 
contamination in the soil in 1972 and has since been covered with 8-10 feet of clean fill. There is still 
a surface water drainage and a culvert running through the Old Outfall and contaminants were found 
historically at the edge of the Old Outfall drainage. 

2.11.1.7 Soil DumD Area (IHSS 156.2) 

The Soil Dump Area was a storage area for contaminated soils. The soils are believed to have 
contained low levels of uranium and/or plutonium. The Soil Dump area also contains asphalt debris 
and concrete remains. This area has not been well characterized in terms of site contaminants. 

2.1 1.2 Primary Release Mechanisms and Transport Media 

There are a number of mechanisms by which contaminants are released into environmental media. As 
shown in Figures 2-16 and 2-17, all primary release mechanisms apply to contaminated surface soils 
and sediment: fugitive dust wind erosion; surface runoff; volatilization; infiltration/percolation; biotic 
uptake; and tracking. With the exception of fugitive dust wind erosion, surface runoff and biotic uptake, 
these primary uptake mechanisms also apply to buried wastes. 

Once contaminants are released from a source, they will enter an environmental medium where 
contaminants will be transported either to a point of exposure or be released (secondary release 
mechanism) to another environmental medium (and subsequently transported to a point of exposure). 
The transport medium a contaminant enters is determined by the primary release mechanism. For 
example, volatilization or fugitive dust wind erosion will result in contaminant release to the air. Surface 
runoff will transport contaminants to surface water while infiltration/percolation results in contaminant 
transport to ground water. Contaminants entering biota is simply due to biotic uptake. 

The physical and chemical properties of a contaminant determine the tendency of a contaminant to be 
released from a source, and the fate and mobility in a transport medium once released. The following 
subsections provide a brief summary of these contaminant properties. 
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2.1 1.2.1 Oraanic Contaminants 

Table 2-1 8 presents some of the relevant chemical/physical parameters that control the environmental 
fate and transport of representative organic chemicals. Because several IHSSs at OU6 accepted a wide 
range of materials, further investigation may identify additional organic chemicals not present on this 
list. 

TCL Volatiles 

TCL volatiles are generally more mobile in the environment than other chemicals (Table 2-18). Volatiles 
are generally characterized by relatively high water solubility (greater than 100 mg/l) and volatility (vapor 
pressures greater than 1.0 mm Hg and Henry’s Law Constants greater than 0.1). Volatiles can be 
expected to migrate through soils, sediment and groundwater in both liquid and vapor phase and to be 
transported in surface water and groundwater as neutral solutes. This is denoted by retardation factors 
(Rd) between 1 and 50 (Chemical migration velocity = water migration velocity/Rd). The Henry’s 
Constants of volatiles suggest a tendency to volatilize from aqueous systems (including soil/water) to 
the atmosphere and, therefore, are unlikely to be detected in sediments and soils. 

TCL Semivolatiles and Pesticides/PCBs 

Semivolatile compounds and pesticides/PCBs typically are much less mobile than volatile compounds 
(Table 2-1 8). The retardation factors for semivolatiles and pesticides/PCBs range from approximately 
100 to over 180,000,000 with the exception of the phenolic compounds. Phenols are relatively mobile 
because of their high water solubility. Semivolatiles and pesticides/PCBs exhibit low to negligible 
volatility as indicated by the low vapor pressures and Henry’s Constants. This suggest a low propensity 
for volatilization of these compounds to the atmosphere from soil and surface water. 

2.11.2.2 Radionuclides and Metals 

Table 2-1 9 summarizes the distribution coefficients for radionuclides and inorganic elements. A 
distribution coefficient (Kd) is the ratio of the concentration of a compound in the solid phase to its 
concentration in solution at equilibrium. The distribution coefficients are considered empirical and are 
strongly influenced by the environmental conditions existing where the experiments are performed. 
Inorganic compounds differ from organic compounds in that they can be present in solution in a number 
of different forms or species. The form of an inorganic chemical is important in evaluating that 
chemical’s mobility. Each species or complex may have different solubilities and the concentration of 
each can be related to several factors including pH and oxidation/reduction potential (E,,). 
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Radionuclides 

The limited data available for OU6 indicates that depleted uranium and plutonium contaminated wastes 
may be present. Americium is also likely to occur either from in situ ingrowth from the plutonium or 
from direct disposal of americium contaminated material. 

The following discussions focus on characteristics of uranium and plutonium which may affect their fate 
and mobility in the environment (Table 2-19). Numerous studies of uranium and plutonium fate and 
mobility are incorporated by reference into the discussions. Much less information is available on the 
nature of americium in the environment. Americium has essentially the same characteristics in the 
environment as plutonium and is considered insoluble under typical environmental conditions. 

Uranium 

Uranium has 14 isotopes that decay to other elements at half-lives of minutes to 4.5 billion years. 
Natural uranium is comprised mainly of U-238 (99.27 percent) with some U-235 (0.72 percent) and minor 
amounts of U-234 (0.0057 percent) (Table 2-20). Enriched uranium contains a higher percentage of the 
fissile U-235 isotope. Depleted uranium, a potential contaminant at OU6, contains less U-235 and U-234, 
and more U-238. Uranium-234 is a daughter product of uranium -238. 

Thermodynamic data (Langmuir, 1978) indicates that most uranium in natural waters exists in the U(1V) 
or U(VI) oxidation state. Uranium in both oxidation states exhibits a strong affinity to complex with 
available anions in natural waters as either uranous (U“) or uranyl (U02Tz) ion. Because U(1V) species 
tend to precipitate as insoluble uraninite or coffinite (Langmuir, 1978), uranyl ion is the mobile species 
for most oxidizing groundwaters. More importantly, UO,” is mobile over a relatively wide pH range. 
Depending on the ligands available and the pH, uranyl ion will form soluble complexes in oxidizing 
waters, Thus, uranyl will be soluble and hence mobile in most oxidizing groundwaters that contain 
common ligands. Oxidizing conditions probably exist in all alluvial/colluvial materials and extend at least 
into shallow bedrock as indicated by iron-oxidation staining in numerous drill logs. Therefore, uranium 
migration via surface water and ground water is likely given adequate leaching, and, therefore, uranium 
should be analyzed when characterizing these transport media. 

Uranium has a lower &than plutonium or americium (Table 2-19). However, under reducing conditions 
(such as high-organic, fine-grained, bed sediments deposited in the deeper layers of sediments) uranium 
is immobilized and becomes part of the sediments. 

Yang and Edwards (1984) documented the fate and transport of uranium and its daughter product, 
radium-226, in dissolved form, and in both suspended and bed sediments, from above the 
Schwartzwalder (uranium) Mine adjacent to Ralston Creek several miles southwest of the RFP. Uranium 
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TABLE 2-19 

LITERATURE DISTRIBUTION COEFFICIENTS 
FOR RADIONUCLIDES AND METALS ELEMENTS 

Summary Range 

Chemical Representative Value‘ Low Maximum 

Radionuclide 

Americium-241 700 o4 47,230’ 

Bismuth-214 200 
Cadmium-109 6.5 1.26’ 503 

Cesium-1 43 850 3.04 30O,OOO2 

Cesium-1 37 1,000 1 .34 52,000’ 

Cobalt-60 45 0.2’ 23,6244 

Lead-21 2-Bismuth 900 4.5’ 7,‘640’ 

Potassium4 5.5 2.0’ 9.0’ 

Radium-288 450 200’ 4674 

Thorium-228 1,500 54 1 E64 

Plutonium-238 4,500 0.44 8.7E74 

Strontium-90 35 0.15’ 4,3004 

U ran i u m-234 1,500 0’ 4,400’ 

’U.S. Department of Energy, 1984, A Review and Analysis of Parameters for 
Assessing Transport of Environmental Released Radionuclides through Agriculture. 
’U.S. Department of Energy, 1980, Determination of Distribution Coefficients for 
Plutonium, range of results for a variety of sediments in the Enewetak Lagoon using 
Lab and Field experiments; Transuranic Elements in the Environment, Technical 
Information Center. 

3Couphtrey, P.J. and Thorne, M.C., 1983, Radionuclide Distribution and Transport in 
Terrestrial and Aquatic Ecosystems, A Compendium of Data. 

4ACS Symposium Series, 1979, Radioactive Waste in Geologic Storage (Abyssal Red 

Conc= 1 E3-1 E8 mg/atom/ml in 0.68N NaCl Soin Distributed Coefficient for 
CS pH2.7-8.0 Figure 1; for Cd pH 5.3 Figure 3; for S r  Phy.1-73; for Ba pH 2.6-8.3 
Figure 2; for Ce pH 5.8-8.0 Figure 4. 

Clay) 

Metals 
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TABLE 2-19 

LITERATURE DISTRIBUTION COEFFICIENTS 
FOR RADIONUCLIDES AND METALS ELEMENTS 

(Continued) 

Summary Range 

Chemical Representative Value' Low Maximum 

Aluminum 

Antimony 

Arsenic 

Barium 

Beryllium 

Boron 

Cadmium 

Chromium 

1,500 

45 

200 
60 

650 

3 

o4 1 22.84 

1.05 1 85 

54 30,Ooo4 

1.26' 504 

6.5 

850 0.2l 3,m1 

Cobalt 45 1.4l 333' 

Copper 

Lead 

35 

900 

4.5' 7,640' 

0.2l 1 o,oool 
Manganese 65 307 82,8007 

'U.S. Department of Energy, 1984, A Review and Analysis of Parameters for 
Assessing Transport of Environmental Released Radionuclides through Agriculture. 
4Radionuclide Interactions with Soil and Rock Media Vdume 1 : Processes 
Influencing Radionuclide Mobility and Retention, Element Chemistry and 
Geochemistry, Conclusions and Evaluation, Battelle Pacific Northwest Labs, 
Richland, WA EPA No. 6078-007, August 1978. 

5Drag~n, 1988, The Soil Chemistry of Hazardous Materials, Dragun, 1988, Ranges of 
Kd for various Elements in Soils and Clays, Table 4.2, pg 158. 
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TABLE 2-19 

LITERATURE DISTRIBUTION COEFFICIENTS 
FOR RADIONUCLIDES AND METALS ELEMENTS 

(Continued) 

Summary Range 

Chemical Representative Value‘ Low Maximum 

Mercury 10 0.37’ 400’ 

Molybdenum 20 20o7 300,Ooo7 

Nickel 150 

Selenium 

Silicon 

300 

30 

Silver 45 

Thallium 1,500 

Titanium 1,000 

Vanadium 

Zinc 

1,000 

40 

1 0’ 1 ,000’ 

0.1’ 8,000’ 

b . S .  Department of Energy, 1984, A Review and Analysis of Parameters for 
Assessing Transport of Environmental Released Radionuclides through Agriculture. 

7EPRI, 1984, Chemical Attenuation Rates, Coefficients, and Constants in Leachate 
Migration Volume 1. A Critical Review. Battelie Pacific Northwest Laboratories, 
Richland, WA. EPRl EA-3356, Kd for Ba in River Sediments; Kd for Me= pH=6.6 
with Bentonite, Kd-82800 Ph-5.95 for iron Oxide; Kd=200 for Ni in seawater with 
Clay pH=8; with Mn Oxide Kd=3OO,OOO pH=8. 
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TABLE 2-20 

ISOTOPIC COMPOSITION OF ROCKY FIATS URANIUM 

Relative Weight (Percent) Relative Ac t iV i  (pCi/pg) 

Natural Depleted Natural Depleted 
isotopic Uranium Uranium Uranium Uranium 

~ ~~~ ~~~ 

U-232 0 Trace 0 Trace 

u-233 0 Trace 0 Trace 

u-234 0.0057 0.002 0.35 .124 

u-235 0.72 0.3 0.01 5 .006 

U-236 0 0.0003 0 .0002 

u-238 99.27 99.7 0.33 .332 

a Relative activity is obtained by multiplying the percentage by weight by the specific activity. 
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is present in dissolved and solid phases. Concentrations range from 4 micrograms per liter (pg/Jl) 
dissolved in the creek water above the mine to 100 pg/a in Ralston reservoir below the mine. Uranium 
occurred as both a discrete mineral and as partially entrapped colloidal iron and manganese coatings 
on suspended and bed sediments. 

Plutonium 

There are 15 known isotopes of plutonium that decay into other elements at half-lives ranging from 
hours to 387,000 years (Ames and Rai, 1978). At the RFP, plutonium exists primarily as plutonium -239 
and -240 (Table 2-21). Plutonium specification in the environment is heavily influenced by hydrogen ion 
concentration (pH) and oxidation-reduction capacity (Eh). Typical environmental conditions are pH in 
the range of 5 to 8 and a positive Eh (greater than 0.05 volts) (Brownlow, 1979). Under these 
conditions, plutonium species will most likely be found in the following order of occurrence: P u + ~  > 
PuO, > Pu’~ > PuO” (Ames and Rai, 1978). 

As shown above, the most probable species in the environment is the plus 4 valence (oxidation state) 
species, which will exist either as plutonium dioxide (PuO,) or as a solid hydroxide Pu(OH), (Brookins, 
1984; Dragun, 1988). The assertion is based on the assumption that the pH of the environmental system 
is near neutral and that the system is in an oxidative state (Eh SO). 

Plutonium shows a very strong tendency to adsorb to clays, metal dioxides, and organic matter in soils 
and thus has a very low migration potential in the environment (CSU, 1974; Brookins, 1984). The 
distribution coefficient (6)’ for plutonium is lo3- lo5 (Allard and Rydberg, 1983), meaning that the 
ratio of plutonium bound to soil to plutonium dissolved in water would be expected to vary from 1OOO:l 
to 100,OOO:l. The EPA (1990b) gives a K, of 2 x lo3 for plutonium. At a minimum, analysis of surface 
water samples should include total plutonium because plutonium may be present in the suspended 
fraction. Although plutonium is not expected to migrate readily in ground water, its ubiquitous 
occurrence together with the lack of initial data suggest the Phase I RFI/RI include plutonium analysis 
for ground water samples. 

Metals and Maior Ions 

In general, the solubility of metals and major ions in natural water situations are very sensitive to pH and 
Eh conditions as are the radionuclides. Based on their physical properties (Table 2-18), they can form 
complexes and potentially move relatively rapidly within the hydrosphere. There is also a tendency for 
the ions to be incorporated into new minerals, to be adsorbed on to mineral surfaces, ion exchange or 
to be coprecipitated. Because initial data on source characterization is limited, the Phase I RFI/RI 
should include metals analysis in waste, soils, and water. 
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TABLE 2-21 

ISOTOPIC COMPOSITION OF ROCKY FLATS PLUTONIUM 

Specific Alpha Specific Beta Relative" 
Relative Weight Activity Activity Activity 

Isotopic (percent) (Cur ies/g ra m) (C uries/g ra m) (C uries/g ra m) 

Pu-238 0.01 17.1 I 0.001 71 

Pu-239 93.79 0.0622 -- 0.056834 

Pu-240 5.80 0.228 -- 0.01 322 

Pu-241 0.36 - 103.5 0.37260 

Pu-242 0.03 0.00393 I 1.18 X lo6 
Am-241 -_ b 3.42 _- _- 

Source: Rockwell, 1 W b .  

"Relative activity is obtained by multiplying the percent by weight by the specific activity. 

Total activity for the plutonium isotopes is: 

Alpha 0.0732 curries/gram 
Alpha plus Beta 0.446 curies/gram 

bAm-241 daughter from decay of Pu-241. 
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2.1 1.3 Secondary Release Mechanisms and Exposure Routes 

As shown in Figure 2-16, there are numerous secondary release mechanisms and exposure routes for 
contaminants that may be released from OU6 sources. This figure shows all potential pathways; 
however, the actual pathways of significance will be determined during the risk assessment. 

2.1 1.4 Receptors 

The point of exposure includes the source material or any point within a transport media that is 
contaminated. Whether the human receptor is a resident or visitor there is the potential for direct 
exposure through multiple pathways. Biota may also be present and be potential receptors. The 
potential for exposure and the magnitude of risk will be assessed during the risk assessment. 

2.1 1.5 Exposure Pathway Characterization 

The elements of the Site Conceptual Model described above are cross referenced to the Field Sampling 
Plan for characterization details in Tables 2-22 through 2-28 for each IHSS. Site sampling based upon 
the site conceptual model will improve the characterization of contaminant pathways for each IHSS. 
As additional information is obtained, the overall model and specific portion of the model may be refined 
or expanded to address the issues of concern. 

Phase I RFI/RI Work Pian . Walnut Creek Priority Drainage 
Rocky Fiats Plant. Golden, CO 
N:\PFOJECTS\l5131OO\G51592 

Final 
May 1892 
Page 2-87 



TABLE 2-22 

OU6 PHASE I SITE CHARACTERIZATION OF EXPOSURE PATHWAYS: 
A and B SERIES DETENTION PONDS (IHSS 142.1-142.4 and 142.5-142.9) 

Contaminant Primary Release Trans port Secondary Release 
Source Mechanism Media Mechanism 

Sediment Surface Deposition Groundwater Surface Deposition 
Table 7-2, (24) Table 7-2, (14) Phase II Table 7-2, (14) 

Table 7-3, (1 -1 1) Table 7-3, (1 -1 1) 

Volatilization 
Table 7-2, (14) 

Infiltration 
Percolation 
Table 7-2, (5-7) 

Biotic Uptake 
Section 9 

Tracking 
Section 9 

Wind Erosion 
Section 7.2.9 

Biota Phase II 
Section 9 

Surface Water Table 7-2, (5-7) 
Table 7-2,(14) 
Table 7-3,(1-11) Volatilization 

Infiltration 

Table 7-2, (24 ,  7-3, 
(1 -1 1) 

Air 
Section 7.2.9 Fugitive Dust Wind 

Erosion 
Table 7-2, (24,  7-3, 

Sec. 7.2.5 
(1-1 1) 

Seepage, Table 7-2,(5-7) 
Phase II 

Pumpage 
Phase I I  

Biotic Uptake 
Section 9 

Settled Dust 
Table 7-2, (14) 
Section 7.2.9 

Biodearadation-Phase II 
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TABLE 2-23 

OU6 PHASE I SITE CHARACTERIZATION OF EXPOSURE PATHWAYS: 
NORTH, POND, SOUTH AREA AND EAST AREA SPRAY FIELDS (IHSS 167.1 - 167.3 AND 216.1) 

Contaminant Primary Release Transport Secondary Release 
Source Mechanism Media Mechanism 

Contaminated Soil Surface Runoff Groundwater 
Table 7-8, (3,4) Table 7-8, (56) Table 7-8, (7,8) 
Table 7-9, (1-2) Table 7-9, (1) 

Volatilization Section 9 
Table 7-8, (3-5) 7-9, 
(1 2)  Air 

Infiltration 
Percolation 
Table 7-8, (7,8) 7-9, (2) 

Biota 

Section 7.2.9 

Biotic Uptake 
Section 9 

Tracking 
Section 9 

Wind 
Section 7.2.9 
Table 7-8, (2,4,5) 

Deposition 
Table 7-8, (3,4) 
Table 7-9, (1 )  

Irrigation OU 3 Work 
Plan 
Infiltration 
Table 7-8, (7,8), 7-9 (2) 

Vdatil ization 
Table 7-8, ( 3 4 ,  7-9, (1) 

Fugitive Dust Wind 
Erosion 
Table 7-8, (3-6), 7-9, (1) 
Sec. 7.2.9 

Seepage, Table 7-8, 

Table 7-9, (2) 
(798) 

Pumpage 
OU 3 Work Plan 

Biotic Uptake 
Section 9 

Settled Dust 
Table 7-8, (2-6) 

Biodearadation-Phase II 
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TABLE 2-24 

OU6 PHASE I SITE CHARACTERIZATION OF EXPOSURE PATHWAYS: 
TRENCHES A, B, AND C (IHSS 166.1 - 166.3) 

Contaminant Primary Release Transport Secondary Release 
Source Mechanism Media Mechanism 

Buried Waste Infiltration/Leaching Surface Water Biotic Uptake Section 9 
Table 7-7, (1-6) Table 7-7, (3-6) Table 7-7, (4) 

Table 7-3, (1 1) Seepage 

Vadose Water 
Table 7-7,(3,5) Pumpage 

Groundwater Work Plan 
Table 7-7, (56)  

Table 7-7, (4-6) 

Table 7-7, (5-6); OU 3 

Volatization 
Table 7-7, (4); 7-3, (11) 

Contaminated 
Table 7-7, (4) 

Soil Surface Runoff 
Table 7-7, (4), 
Table 7-3, (11) 

Volatilization 
Table 7-7, (4) 

Infiltration 
Percolation 
Table 7-7, (4-6) 

Biotic Uptake 
Section 9 

Tracking 
Section 9 

Groundwater Deposition 
Table 7-7, (56) 

Biota 
Section 9 

Air 
Section 7.2.5 Table 7-7, (4-6) 

Table 7-7, (4) 
Table 7-3, (1 1) 

Irrigation OU 3 Work 
Plan 
Infiltration 

Volatilization 
Table 7-7, (4); 7-3, (11) 

Fugitive Dust Wind 
Erosion 
Table 7-7, (4 ) ;  7-3, (11) 

Seepage 
Table 7-7, (4-6) 

P um pag e 
Table 7-7, (56); ou 3 
Work Plan 

Biotic Uptake 
Section 9 

Biodegradation-Phase II 
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TABLE 2-25 

OUS PHASE I SITE CHARACTERIZATION OF EXPOSURE PATHWAYS: 
SLUDGE DISPERSAL AREA (IHSS 141) 

Contaminant Primary Release 
Source Mechanism 

Contaminated Soil Surface Runoff 
Table 7-1, (2) Table 7-1, (2) 

Table 73,  (1,2) 

Volatilization 
Table 7-1, (2) 

Infiltration 
Percolation 
Table 7-1, (3,4) 

Biotic Uptake 
Section 9 

Tracking 
Section 9 

Wind Erosion 
Table 7-1, (2) 

Transport 
Media 

Groundwater 
Table 7-1, (3,4) 

Biota 
Section 9 

Air 
Section 7.2.9 

Vadose Water 

Surface Water 
Table 7-3, (1 2) 
Table 7-2, (1,3,4) 

Secondary Release 
Mechanism 

Deposition 
Table 7-1, (2) 
Table 73, (1,2) 

Irrigation OU 3 Work 
Plan 
Infiltration 
Table 7-1, (3,4) 

Volatil ization 
Table 7-1, (2), 7-3, (1 2) 

Fugitive Dust Wind 
Erosion 
Table 7-1, (2), 7-3, (1,2) 
Sec. 7.2.5 

Seepage, Table 7-2, 
Table 7-1, (3,4) 

Pumpage 
OU 3 Work Plan 

Biotic Uptake 
Section 9 

Biodegradation-Phase II 

Settled Dust 
Table 7-1, (1,2) 

Groundwater 
Table 7-1, (3,4) 

Surface Water 
Table 73,  (1,2) 
Table 7-2, (1,3,4) 

Resuspension/ 
Dissdution 
Table 7-1, (12) 
Table 7-2, (1,3,4) 
Table 7-3, (1,2) 
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TABLE 2-26 

OU6 PHASE I SITE CHARACTERIZATION OF EXPOSURE PATHWAYS: 
TRIANGLE AREA (IHSS 165) 

Primary Release Transport Secondary Release Contaminant 
Source Mechanism Media Mechanism 

Contaminated Soil Surface Runoff Groundwater 
Table 76, (3-7) TaMe 7-6, (4,8) Table 7-6, (9,lO) 

Table 7-3, (11) 

Volatilization Section 9 
Table 7-6, (4) 

Infiltration Table 7-6, (5,6,7) 
Percolation 
Table 7-6, (7,9,10) 

Biota 

Vadose Water 

Biotic Uptake 
Section 9 

Tracking 
Section 9 

Infiltration/Leaching 
Table 7-6, (5-7) 

Deposition 
Table 7-6, (4) 
Table 7-3, (11) 

Irrigation OU 3 Work 
Plan 
Infiltration 
Table 7-6, (7,9,10) 

Vdatil ization 
Table 7-6, (4), 7-3, (1 1) 

Fugitive Dust Wind 
Erosion 
Table 7-6, (4), 7-3, (11) 
Sec. 7.2.5 

Seepage, Table 7-6, 
(7,9,10) 

Pumpage 
OU 3 Work Plan 

Biotic Uptake 
Section 9 

Biodegradation-Phase II 
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TABLE 2-27 

OU6 PHASE I SITE CHARACTERIZATION OF EXPOSURE PATHWAYS: 
OLD OUTFALL (IHSS 143) 

Contaminant Primary Release Transport Secondary Release 
Source Mechanism Media Mechanism 

Buried Waste Fugitive Dust Air Settled Dust on Plants - 
Table 7-4, (1-5) Wind Erosion Section 7.2.9 Phase II 

Section 7.2.5 Surface Water Settled Dust on Soil 
Air Sampling Table 7-4, (1) Section 7.2.5 

Table 7-3, (7) Table 7-4, (1,4) Table 7-4, (2,4) 
Table 7-3, (7) 

Infiltrationlleaching Groundwater 
Table 74, (5) Settled Dust on Water Table 7-4, (3) 

Table 7-4, (1,4) 
Vadose Water Table 7-3, (7) 
Table 7-4, (3) 

Biotic Uptake Section 9 

Pumpage 
Table 7-4, (4) 

Seepage 
Table 7-4, (2-4) 

Volatilization 
Table 7-4, (1,3) 

Contaminated Soil 
Table 7-4, (1-4) 

Surface Runoff Groundwater 
Table 7-4, (2,4) Table 7-4, (5) 
Table 7-3, (7) 

Biota 
Volat it izat ion Section 9 
Table 7-4, (2,4) 

Infiltration 
Percolation 
Table 7-4, (3-5) 

Biotic Uptake 
Section 9 

Tracking 
Section 9 

Deposition 
Table 7-4, (1) 
Table 7-3, (7) 

Irrigation OU 3 Work Plan 
Infiltration 
Table 7-4, (2-4) 

Volatilization 
Table 7-4, (1,3), 7-3, (7) 

Fugitive Dust Wind 
Erosion 
Table 7-4, (1-3), 7-3, (7) 
Sec. 7.2.5 

Seepage 
Table 7-4, (2-4) 

Pumpage 
OU 3 Work Plan 

Biotic Uptake 
Section 9 
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TABLE 2-28 

OU6 PHASE I SITE CHARACTERIZATION OF EXPOSURE PATHWAYS: 
SOIL DUMP AREA (IHSS 158.2) 

Contaminant Primary Release Transport Secondary Release 
Mechanism Media Mechanism 

Fugitiie Dust Air Settled Dust on Plants - 

Section 7.2.5 Surface Water 
Air Sampling Table 7-5, (3) Section 7.2.5 
Table 7-5, (3) Table 7-3, (1,2) Table 7-5, (3) 

I nfilt rat ion/Leac hing Groundwater 
Table 7-5, (56)  Table 7-5, (4) 

Vadose Water Table 7-3, (1,2) 
Table 7-5, (4) 

Source 

Buried Waste 
Table 7-5, (1-6) Wind Erosion Section 7.2.9 Phase II 

Settled Dust on Soil 

Table 73, (1,2) 

Settled Dust on Water 
Table 7-5, (3) 

Biotic Uptake Section 9 

Contaminated Surface Surface Runoff Groundwater 
Soil Table 7-5, (3) Table 7-5, (56) 
Table 7-5, (1-4) Table 7-4, (1,2) 

Volatilization Section 9 
Table 7-5, (3) 

Biota 

Infiltration 
Percolat ion 
Table 7-5, (4-6) 

Biotic Uptake 
Section 9 

Tracking 
Section 9 

Deposition 
Table 7-5, (3) 
Table 7-3, (1,2) 

Irrigation OU 3 Work 
Pian 
Infiltration 
Table 7-5, (4-6) 

Volatilization 
Table 7-5, (3), 7-3, (1,2) 

Fugitiie Dust Wind 
Erosion 
Table 7-5, (3), 7-3, (1,2) 
Sec. 7.2.5 

Seepage, Table 7-2, 
Table 7-5, (4-6) 

Pumpage 
OU 3 Work Plan 

Biotic Uptake 
Section 9 
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EG&G ROCKY FIATS PUNT 
RFI/RI Work Plan for OU 6 

Manual No.: 

Section: 
Effective Date: 
Organization: 

21 100-WP-OU6.01 

3.0, Rev 0 
06/01 192 

Environmental Management 

APPLICABLE OR RELWANT AND APPROPRIATE REQUIREMENTS 

3.0 

APPLJCABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS 

This section provides a preliminary identification of chemical-specific Applicable or Relevant and 
Appropriate Requirements (ARARs) for groundwater, surface water, and soils at Operable Unit 6 so that 
appropriate analytical detection limits are used during the RCRA Facility Investigation/Remedial 
Investigation. Use of appropriate detection limits is necessary to allow evaluation of compliance with 
ARARs in the Corrective Measures Study/Feasibility Study (CMS/FS) report. As described in 
Subsection 3.2, evaluation and establishment of location-specific ARARs are a part of the RI process and 
will be addressed in the RFI/RI Report. Chemical-specific ARARs will be established in the RFI/RI 
Report. Identification of action-specific ARARs and remediation goals is a part of the feasibility study 
process and will be addressed in the CMS/FS Report. 

3.1 THE ARAR BASIS 

The basis for ARARs is cited in Section 121(d) of Comprehensive Environmental Response, 
Compensation and Liability Act (CERCLA), as amended by the Superfund Amendments and 
-Reauthorization Act (SARA), which requires that Fund-financed, enforcement, and federal facility remedial 
actions comply with all applicable or relevant and appropriate promulgated federal and state 
environmental or facility siting laws. For the purposes of identification and notification of promulgated 
state standards, the term "promulgated" means that the standards are of general applicability and are 
legally enforceable (National Contingency Plan (NCP), 40 Code of Federal Regulations (CFR) 
300.400(9) (4)). 

Health-based, chemical-specific ARARs pertinent to groundwater, surface water, and soils (environmental 
media addressed by this work plan) have been identified for the Environmental Protection Agency's 
(EPA) Contract Laboratory Program (CLP) target compound list (TCL) for organic compounds and target 
analyte list (TAL) for inorganic compounds, as well as radionuclides and conventional pollutants. The 
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chemical-specific ARARs are primarily derived from federal and state health and environmental statutes 
and regulations. As discussed below, in some instances, these standards are dassif i i  as terms "to be 
considered" (TBC). A summary of potential chemical-specific ARARsPBCs for possible contaminants 
in OU6 groundwater is presented in Table 3-1. Similarly, potential ARARsPBCs for OU6 surface water 
are summarized in Tables 3-2 and 3-3. 

One medium for which chemical-specific ARARs do not currently exist is soils. As the remedial 
investigation proceeds, information will become available from the baseline risk assessment that will 
allow a determination of acceptable contaminant concentrations in soils to ensure environmental 
"protectiveness." This is discussed further in Subsection 3.5. 

ARARs addressing contaminants in air will be included in the CMS/FS Report. In general, federal and 
state standards for air exist only as source- or activity-specific requirements and, accordingly, will be 
addressed in detail in the FS process. 

3.2 THE ARAR PROCESS 

3.2.1 ARARs 

"Applicable requirements," as defined in 40 CFR 300.5, are "those clean-up standards, standards of 
control, and other substantive requirements, criteria, or limitations promulgated under federal 
environmental or state environmental or facility siting laws that specifically address a hazardous 
substance, pollutant, contaminant, remedial action, location, or other circumstance found at a CERCLA 
site. Only those state standards that are identified by a state in a timely manner and that are more 
stringent than federal requirements may be 'applicable.'" "Relevant and appropriate requirements," also 
defined in 40 CFR 300.5, are "those clean-up standards, standards of control, and other substantive 
requirements, criteria, or limitations promulgated under federal environmental or state environmental or 
facility siting laws, that, while not 'applicable' to a hazardous substance, pollutant, contaminant, remedial 
action, location, or other circumstance at a CERCLA site, address problems or situations sufficiently 
similar to those encountered at the CERCLA site that their use is well suited to the particular site. Only 
those state standards that are Mentified in a timely manner and are more stringent than federal 
requirements may be relevant and appropriate.' The most stringent promulgated standards are applied 
as ARAR (Preamble to NCP, 55 8741). 

3.2.2 TBCs 

In addition to ARARs, advisories, criieria, or guidance may be identified as TBC for a particular release. 
As defined in 40 CFR 300.4OO(g)(3), the TBC category consists of advisories, criteria, or guidance 
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developed by EPA, other federal agencies, or states that may be useful in developing remedies. Use 
of TBCs is discretionary rather than mandatory, as opposed to the use of ARARs, which is mandatory. 

3.2.3 ARAR Categories 

In general, there are three categories of ARARs. These categories are: 

1. Ambient or chemical-specific requirements 
2. Location-specific requirements 
3. Performance, design, or other action-specific requirements 

ARARs are generally considered to be dynamic in nature in that they evolve during the CERCIA site 
clean-up process. Initially, during the RI work plan stage, probable chemical-specific ARARs may be 
identified, usually based on a limited amount of data. Chemical-specific ARARs at this point have 
meaning only in that they may be used to establish appropriate detection limits so that data collected 
in the RI will be amenable for comparison to ARAR standards. Identified potential chemical-specific 
ARARs may be modified if they are found to be inappropriate any time in the RFI/RI process. For 
example, chemical-specific ARARs could be deleted based on the absence of a constituent in analytical 
data obtained during the investigation. 

It is also appropriate to identify location-specific ARARs early in the RI process so that information may 
be gathered to determine if restrictions have been placed on the concentration of hazardous substances 
or on the conduct of an activity solely because it occurs in a specific location. As discussed in the 
introductory paragraph to this section, detailed location-specific ARARs will be proposed in the RFI/RI 
Report. 

Identification of action-specific ARARs and remediation goals is part of the FS process and will be 
addressed in the CMS/FS report. For the proper management of investigationdefied wastes, as 
required in the Interagency Agreement (IAG), Attachment 2, Statement of Work, Section IV, the 
Department of Energy (DOE) has developed Standard Operating Procedures (SOPs) for field 
investigation activities. All waste generated by the various investigations conducted at Rocky Flats Plant 
will be managed in accordance with the SOPs. The SOPs satisfy the IAG requirement to comply with 
ARARs as they relate to investigation activities. Development of an overall site-wide approach to 
managing investigationderived wastes is consistent with EPA policy. 

3.2.4 FS ARAR Requirements 

Development of a preliminary list of potential chemical-specific ARARs in the RI process also allows the 
establishment of a list of preliminary remediation goals in the early FS process, which is essentially a 
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tentative listing of contaminants together with initially anticipated clean-up concentrations or risk levels 
for each medium. Preliminary remediation goals serve to focus the development of alternatives to be 
considered in the detailed remedial alternative analysis, conducted later in the FS process. As more 
information becomes availaMe during the RI stage, chemical-specific ARARs may become more refined 
as constituents are added or deleted. Once data collection is complete, revised chemical-specific 
ARARs may be proposed. 

When the data collection is complete, it is also appropriate to refine location-specific ARARs that may 
affect the development of remedial alternatives. In addition, during development d remedial action 
alternatives at the beginning of the FS process, a preliminary consideration of action-specific ARARs will 
be conducted. As remedial alternatives are screened during the FS, action-specific ARARs will be 
identified. When a detailed analysis of the remedial alternatives is conducted, all action-specific ARARs 
are refined and finalized with respect to each alternative before a comparison of alternatives begins. 
At this point, a discussion is provided in the FS report for each remedial alternative regarding the 
rationale for all ARAR determinations. 

3.3 REMEDIAL ACTION AND REMEDIATION GOALS 

CERCLA ~ 1 2 1  requires attainment of all ARARs. As explained in the preamble to the NCP (55 8741), 
a remedial action must comply with the most stringent ARAR requirements, which then should ensure 
attainment of all other ARARs. In addition, CERCLA requires that the remedies selected meet ARARs 
and be protective of human health and the environment. Consequently, preliminary remediation goals 
based on ARARs will require modification as new information and data are collected in the RI, including 
the baseline risk assessment (to be conducted), when ARARs are not available or are determined to be 
inadequate for protection of human health and the environment. In this way, remediation goals that 
define contaminant clean-up objectives for remedial actions at Rocky Flats Plant will comply with 
CERCLA ARARs and protectiveness requirements, as well as other EPA and Cdorado protectiveness 
performance requirements which may be ARAR, such as the RCRA corrective action requirements of 
40 CFR 264.101 (6 CCR 264.101) or the RCRA Closure Performance Standard of 40 CFR 264.111 (6 

CCR 264.1 11). 

Development of remediation goals is actually a portion of the overall development of remedial action 
objectives, which ultimately will define the required endpoint of the selected remedial action. As stated 
in the preamble to the NCP (55 8713), "remedial action objectives are the more general description 
of what the remedial action will accomplish. Remediation goals are a subset of remedial action 
objectives and consist of medium-specific or operable unit-specific chemical concentrations that are 
protective of human health and the environment and serve as goals for the remedial action. The 
remedial action objectives ... should specify: (1) the contaminants of concern, (2) exposure routes and 
receptors, and (3) an acceptable contaminant level or range of levels for each exposure medium (Le., a 
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preliminary remediation goal).’ According to 40 CFR 300.430(e)(2)(i), ’Remediation goals shall establish 
acceptable exposure levels that are protective of human health and the environment and shall be 
developed by considering the following: 

0 ARARs (chemical-specific) 

Acceptable exposure levels for systemic toxicants 
Acceptable exposure levels for known or suspected carcinogens 
Technical limitations (e.g., detection limits) 
Uncertainty factors 
Other pertinent information 

0 Maximum Contaminant Level Goals (MCLGs) (or MCLs where MCLGs are zero) where 
relevant and appropriate. 

0 For potential carcinogens, acceptable exposure levels where multiple contaminants or 
multiple exposure pathways will cause exposure at ARAR levels not exceeding 
cumulative risk of lo4. 

0 Clean Water Act (CWA) Ambient Water Quality Criteria (AWQC) where relevant and 
appropriate. 

0 A CERCLA Alternative Concentration Limit (ACL) established pursuant to CERCLA 
5 121 (d) (2) (B)(ii). 

0 Environmental evaluations, performed to assess specific threats to the environment.” 

Once a preferred remedial action alternative is formally selected, all chemical-, location-, and action- 
specific ARARs have also been defined in final form. If it is found that the most suitable alternative does 
not meet an ARAR, the NCP at 40 CFR 300.430(f)(l)(ii)(C) provides for waivers of ARARs under certain 
circumstances, such as technical impracticability, risk, or inconsistent application of state requirements. 
From this point, the alternative will become the final remedy as it is incorporated into the Record of 
Decision (ROD). Once the final ROD has been signed, requirements may be modified only when they 
are determined to be applicable or relevant and appropriate and necessary to ensure that the remedy 
is protective of human health and the environment [40 CFR 300.430(f)(l)(ii)]. 

3.4 OU6 ALLUVIAL GROUNDWATER ARARs 

The potential ARARspBCs for groundwater listed in Table3-1 were developed using the ARARs 
rationale described above and were identified by examining the fdlowing standards and criteria: 

0 Safe Drinking Water Act (SDWA) MCLs 
Resource Conservation and Recovery Act (RCRA) 40 CFR Part 264 Subpart F 0 

concentration limits 
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Colorado Water Quality Control Commission (WQCC) Standards for Ground Water 
CWA AWQC 

3.4.1 SDWA MCLs 

SDWA MCLs represent the maximum permissible level of a contaminant in water that is delivered to the 
freeflowing outlet of the ultimate user of a public water system [40 CFR 141.2(c)]. Because groundwater 
at OU6 is a potential source of drinking water, MCLs are identified as ARAR. Furthermore, the NCP 
[40 CFR 300.430(e)] requires that, in development of remediation goals for evaluating alternatives for 
final remediation, the following be considered for current or potential sources of drinking water: 
attainment of MCLGs or MCLs, if MCLGs are zero, and attainment of CWA AWQC, where relevant and 
appropriate. 

Because groundwater at OU6 is a potential source of drinking water, the MCLGs (or MCLs) are relevant 
and appropriate for remediation goals and should be attained (note: the MCLGs are currently zero or 
equal to the MCLs). CWA AWQC are discussed in Subsection 3.4.4. It should be noted that on 
January 30, 1991 and June 7, 1991 (56 m 3526 and 56 E 26460, respectively), EPA published final 
rules amending MCLs and MCLGs for a number of the constituents identified in Table 3-1. These 
standards are effective July 30, 1992 and November 6, 1991, respectively, and will be regarded as 
relevant and appropriate at that time. The new MCLs (new MCLGs are zero or equal to the MCLs, 
except in the case of copper), are identified as potential TBCs in Table 3-1. 

3.4.2 RCRA 40 CFR Part 264 Subpart F Concentration Limits 

Owners or operators of facilities that treat, store, or dispose of hazardous waste must ensure that 
hazardous constituents listed in 6 CCR (Colorado Code of Regulations) 10073 and 40 CFR 261 
Appendix Vlll entering the groundwater from a regulated unit do not exceed concentration limits 
(6 CCR 1007-3 and 40 CFR 264.94) at the point of compliance in the uppermost aquifer. The 
concentration limits include standards for 14 compounds (these standards are equivalent to and a 
subset of SDWA MCLs and are identified at 40 CFR 264.94, Table l), with background or ACLs used 
as the standards for the other RCRA 40 CFR Part 261 Appendix Vlll constituents or 40 CFR Part 264 

Appendix IX constituents. These concentration limits apply to RCRA “regulated units” subject to 
permitting (defined at 40 CFR 264.90 to include landfills, surface impoundments, waste piles, and land 
treatment units) that received RCRA hazardous waste after July 26, 1982. Although OU6 does not 
contain RCRA-regulated hazardous waste management units, it does contain Individual Hazardous 
Substance Sites (IHSS’s). As a result, these RCRA 40 CFR Part 264 Subpart F regulations are 
considered relevant and appropriate for groundwater. 

. 
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As discussed above, an ACL may be established for a hazardous constituent if it is determined that 
attainment of a Subpart F (Table 1) constituent standard or background standard is not necessary to 
ensure adequate protection of human health and the environment. Furthermore, EPA has stated that 
for potential drinking water sources, the Agency's preference is to set remediation levels that are the 
equivalent of exposure- or health-based ACLs under RCRA (EPA 1988~). It is appropriate to establish 
background as ARAR until it is determined through risk assessment whether attainment of background 
is necessary for adequate protection of human health and the environment. Accordingly, hazardous 
constituent background values wll be applied as ARAR until such time as risk assessment information 
indicates some other alternative standard is necessary to ensure 'protectiveness.' The 40 CFR 264.94 

(Table 1) standards are considered to be relevant and appropriate. Table 3-1, however, will identify 
SDWA MCLs rather than RCRA 40 CFR 264.94 (Table 1) standards because the RCRA standards are 
currently equivalent and a subset of the SDWA MCLs. ARAR background groundwater values for 
Subpart F will be applied from background groundwater in both the alluvial and bedrock lithdogies at 
Rocky Flats Plant. 

3.4.3 Colorado WQCC Standards for Groundwater 

The Colorado WQCC has established both state-wide and classification-specific standards for the 
protection of state groundwaters. State-wide standards currently exist for certain radioactive materials 
and organic pollutants (see Section 3.11.0, 5 CCR 1002-0). These standards are not currently 
independently enforceable. The standards may be enforced by application under other Colorado 
environmental regulatory programs, though it remains questionable whether enforcement under other 
Colorado regulatory programs could satisfy the requirements of the NCP, 40 CFR 300.400(g)(4). 
Therefore, WQCC state-wide groundwater standards have been applied as TBC in Table 3-1. 

a 

The WQCC classification-specific groundwater standards do not appear to meet the NCP criteria for 
state ARARs. On March 15, 1991, the Colorado WQCC issued groundwater classifications and 
standards for groundwaters at the Rocky Flats Plant, effective April 30, 1991 (see 3.12.0,5 CCR 1002%). 

The standards assigned to alluvial groundwater address human health, secondary drinking water 
considerations, agriculture, dissolved solids, and surface water protection standards which indude 
additional organics and radionuclide standards. The classifications and standards for groundwater at 
Rocky Flats Plant may be enforceable in the future through the State Discharge Permit System 
regulations anticipated to become effective in July 1992 (see 6.1 .O, 5 CCR 1002-2). However, the Rocky 
Flats Plant site-specific standards do not meet the general applicability requirement of the NCP since 
no other state groundwaters have been similarly classified. Accordingly, the Rocky Flats site-specific 
standards have also been applied as TBC in Table 3-1. 
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3.4.4 CWAAWQC 

The CWA AWQC are non-enforceable guidance developed under CWA Section 304, and are used by 
states in conjunction with designated stream segment usages to establish water quality standards for 
the protection of aquatic life and for the protection of human health. Criteria include levels established 
for drinking water and fish consumption, fish consumption only, as well as standards for the protection 
of aquatic life. As guidance, CWA AWQC cannot be ARAR; however, CERCLA Section 121 (d) requires 
that CWA AWQC be considered in the development of remediation goals in the FS process, where 
relevant and appropriate. Relative to this work plan, AWQC in the form of drinking water and fish 
consumption may be considered relevant and appropriate for the groundwater medium being 
investigated. These AWQC will require consideration in the development of remediation goals for OU6 
and, accordingly, have been identified as TBCs for alluvial groundwater. 

It is important to note, however, as discussed in Subsection 3.4.3, that the cdorado WQCC has issued 
standards determined by the state to be appropriate and necessary for the protection of groundwater 
at the Rocky Flats Plant. Although not yet ARAR because they are not yet of general applicability, the 
existence of WQCC site-specific standards that reflect the specific conditions of site groundwaters may 
result in a determination that other standards of a broader nature are not relevant and appropriate. 
Consequently, it is unlikely that CWA AWQC will be considered relevant and appropriate for OU6 
groundwater when remediation goals are established. 

3.5 OU6 BEDROCK GROUNDWATER ARARs 

OU6 bedrock groundwater ARARs were established in the same manner as those identified for alluvial 
groundwater. The only exceptions are the site-specific groundwater standards, as discussed in 
Subsection 3.4.3, applied as TBC to alluvial groundwater. The standards for surface water protection, 
namely those standards addressing additional organics and radionuclides, were not determined by the 
Colorado WQCC to be necessary for the bedrock aquifers at Rocky Flats Plant. Accordingly, these 
standards are not applied to OU6 bedrock groundwater. Table 3-1 summarizes potential ARARs/TBCs 
from Federal and cdorado standards and criteria. 

3.6 OU6 SURFACE WATER ARARs 

The potential ARARs/TBCs for surface water are listed in Tables 3-2 and 3-3 and were identified by 
examining the fdlowing standards and criteria: 

SDWA MCLs 
Colorado WQCC Standards for Surface Water 
CWA Ambient Water Quality Criteria (AWQC) 0 
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Table 3-2 presents a summary of potential surface water ARARs/TBCs derived from Federal standards 
and criteria while Table 3-3 summariies potential ARARsflBCs from Colorado-adopted standards and 
criteria. 

3.6.1 Safe Drinking Water Act MCLs 

As discussed earlier in Subsection 3.4.1, the NCP requires that SDWA MCLGs be considered in the 
development of remediation goals, where relevant and appropriate. Moreover, in cases where 
groundwater or surface water is an actual or potential source of drinking water, MCLs will be ARAR. 
Accordingly, since OU6 surface water may ultimately contribute to sources of drinking water, SDWA 
MCLs and MCLGs have been identified in Table 3-2. 

3.6.2 Colorado WQCC Standards for Surface Water 

The Colorado WQCC has adopted both state-wide and stream segment-specific standards for the 
protection of state surface waters. State-wide standards exist for certain radioactive materials as well 
as organic standards adopted for all state sources of drinking water and areas requiring protection for 
aquatic life (see Section 3.1.11, 5 CCR 10028). These standards are consequently of general 
applicability. The state-wide standards are enforceable through the state’s National Pdlutant Discharge 
Elimination System (NPDES) permitting process. Having apparently met the NCP state ARAR 
requirements of enforceability and general applicability [40 CFR 300.400(9)(4)], the state-wide surface 
water standards have been applied as ARAR in Table 3-3. 

a 

Site-specific surface water standards also exist for certain metal, inorganic, organic, and radioactive 
constituents. Unlike the WQCC state-wide standards discussed above, these site-specific standards do 
not appear to satisfy the NCP requirements for state ARARs. While these standards are enforceable 
through the NPDES permitting process, they have been adopted only for surface waters at Rocky Flats 
Plant and so are not of general applicability. Also, the site-specific organic standards are based almost 
entirely on CWA AWQC for water and fish ingestion. These standards have not been generally applied 
to the surface waters of Colorado and, in fact, have only been applied to Rocky Flats Plant. 
Furthermore, the site-specific standards for radioactive constituents are significantly more stringent than 
any standards applied to other Colorado surface water bodies. Consequently, the site-specific organic 
chemical and radionudide surface water standards cannot be ARAR. These standards have been 
applied as TBC in Table 3-3 because they reflect the degree of protectiveness determined to be 
necessary for Rocky Flats Plant surface waters by the Colorado WQCC. 
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3.6.3 CWA AWQC 

As was described in Subsection 3.4.4, CWA AWQC are required to be considered in the development 
of remediation goals, where relevant and appropriate. These criteria appear to be relevant but are not 
appropriate because of the existence of site-specific WQCC standards that more accurately reflect the 
surface water protection needs of the site. CWA AWQC have been identified as TBCs in Table 3-2. 

3.7 OU6 SOIL ARARs 

As discussed in Subsection 3.1, one medium for which chemical-specific ARARs do not currently exist 
is soils; however, some chemical-related, action-specific requirements do exist, such as Colorado's 
construction standard for plutonium in soil. Action-specific requirements will be addressed in the 
CMS/FS process. Relative to chemical-specific ARARs, a risk assessment will be performed to 
determine acceptable contaminant concentrations in soils to ensure environmental "protectiveness." At 
this time, with respect to establishing analytical detection limits for soils, use of the method detection 
limits provided in the General Radiochemistry and Routine Analytical Services Protocol (GRRASP) 
(EG&G 199Od), which are CLP contract required quantitation limits, should enable meaningful 
interpretation of soil sample results. a 
3.8 OU6 PARAMETERS LACKING ARARs/TBCs 

For any parameters to be analyzed in groundwater, surface water, or soils for which no ARARs or TBCs 
were found, use of the analytical methods that achieve the detection limits provided in the GRRASP 
(EG&G 199Od), which are CLP contract required quantitation limits, should enable meaningful 
interpretation of sample results. In addition, whenever a potential standard is below the 
GRRASPderiied detection limit, the detection limit has been used as the standard. Risk-based 
concentrations taken from the baseline risk assessment will be used in establishing the remediation 
goals for the parameters for which no potential ARARs could be identified, thus ensuring environmental 
"protectiveness." 
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4.0 
DATA NEEDS AND DATA QUALITY OBJECTIVES 

The primary objective of a RCRA Facility Investigation (RFI)/Remedial Investigation (RI) is to collect the 
data necessary to determine the nature, distribution, and migration pathways of contaminants. This 
information will be used to support a baseline risk assessment and environmental assessment. These 
assessments determine the need for remediation and are used to evaluate remedial alternatives. Five 
general goals of a RFI/RI (EPA 1988a) are to 

0 Characterize site physical features 
0 Define contaminant sources 
0 Determine the nature and extent of contamination 

Describe contaminant fate and transport 
Provide a baseline risk assessment 

0 

0 

Data quality objectives (DQOs) are qualitative and quantitative statements that describe the quality and 
quantity of data required by the RFI/RI (U.S. EPA 1987a). The DQO process is divided into three 
stages: 

0 Stage 1 - Identify decision types 
Stage 2 - Identify data uses/needs 
Stage 3 - Design data collection program 

0 

0 

Through application of the DQO process, site-specific RFI/RI goals are established and data needs are 
identified for achieving those goals. This section of the RFI/RI Work Plan proceeds through the DQO 
process. 

’ 
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4.1 STAGE 1 - IDENTIFY DECISION TYPES 

4.1.1 Identify and Involve Data Users 

Data users are the decision makers and the primary and secondary data users. The decision makers 
for OU6 are the management and regulatory personnel of EG&G, the Department of Energy (DOE), the 
Environmental Protection Agency (EPA), and the Colorado Department of Health (CDH). EG&G’s 
contractor will provMe day-today management of the RI in accordance with this work plan. The 
decision makers have been and are invdved in the OU6 DQO process through the Interagency 
Agreement (IAG), which specifies the minimum level of effort for the Phase I RI. The decision makers 
remain invdved through the review and approval process specified in the IAG. 

Primary data users are those indivjduals invdved in ongoing RI activities. These are EG&G and EG&G’s 
subcontractor technical staffs. They will be invdved in the collection and analysis of the data and in the 
preparation of the RI Report, including the Baseline Risk Assessment and the Environmental 
Assessment. 

Secondary data users are those users that rely on RI outputs to support their activiies. Secondary data 
users may include EG&G and EG&G subcontractor personnel working on other operable units or 
sitewide projects, EPA and CDH. 

0 
4.1.2 Evaluate Available Data 

The historical and current conditions of each site are described in Section 2.0 of this work plan. 

The following is a summary of the existing information based on the data presented in Section 2.0. 

0 The data from the existing sediment, surface water, and ground water sampling 
programs (summarized in Section 2.0) is from RFEDS and these data may need to be 
evaluated further. 

0 Contamination by radioactive materials is known or suspected to exist at all of the 
IHSSs in OU6. Contamination also occurs in Walnut Creek. 

0 Little information is available, excluding Walnut Creek and the detention ponds, 
concerning metals contamination, if any, in these IHSSs. 

0 Contamination, if any, due to other substances is unknown at this time for most of the 
IHSSs. 

0 The extent of contamination, if any, at the IHSSs in OU6 is unknown at this time. 
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0 The presence of contamination is uncertain in the Old Outfall area (IHSS 143). 
Investigations should focus on confirming the presence or absence of contamination. 

0 There appears to be a potential for contamination from topographically or hydraulically 
upgradient or upwind sources (i.e., other operable units) to be present at the IHSSs. 

4.1.3 Develop Conceptual Models 

A generic conceptual model has been developed for the IHSSs in Subsection 2.12. This model includes 
a description of potential sources, pathways and receptors. Since very few previous studies have been 
conducted at OU6, the model is basic. It is not known if the sources or pathways actually exist at the 
IHSSs. 

4.1.4 Specify Phase I RFI/RI Objectives and Data Needs 

Based on existing data and the IHSS conceptual models, site-specific Phase I RFI/RI objectives/data 
needs associated with identifying contaminant sources and the nature and extent of contamination are 
shown in Table 4-1. Identification of contaminant plumes will be used at several sites to assist in 
identification and characterization of contaminant sources. 

The objectives of the Phase I RFI/RI are: 

0 To characterize the physical and hydrogeologic setting of the IHSSs 

0 To assess the presence or absence of contamination at each site 

0 To characterize the nature and extent of contamination at the sites, if present 

0 To support the Phase I Baseline Risk Assessment and Environmental Evaluation 

It is important to recognize that additional phases of investigation and risk assessment may be required 
at some IHSSs. 

4.2 STAGE 2 - IDENTIFY DATA USES/NEEDS 

Stage 2 of the DQO process defines data uses and specifies the types of data needed to meet the 
project objectives. The summary of Stage 2 of the DQO process is presented as Table 4-1. 

4.2.1 Identify Data Uses 

RI/FS data uses can be described in the following general purpose categories: 
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0 Site characterization 
0 Health and safety 
0 Risk Assessment 
0 Evaluation of alternatives 
0 Engineering design of alternatives 
0 Monitoring during remedial action 
0 PRP determination 

Since this work plan describes a Phase I RI, data uses such as engineering design and monitoring 
during remediation (both remedial action activities) will not' be considered. The data use for PRP 
determination is also not appropriate to this work plan. The remaining four data uses will be important 
in meeting the objectives identified in Subsection 4.1.4. 

4.2.2 Identify Data Types 

Data types can be specified in broad groups initially and then divided into more specific components. 
For the Phase I investigation, soil, sediment, groundwater and surface water samples will be collected. 
In addition, radiation surveys will be conducted over some of the units. These data types will provide 
broad Phase I information regarding the presence or absence of contamination at the units. Selection 
of chemical analyses and physical testing will be based on the objectives of the Phase I program and 
on the past activities at the units. Data types are listed on Table 4-1 as sample/analysis methods. 

4.2.3 Identify Data Quality Needs 

EPA defines five levels of analytical data as follows (U.S. EPA 1987a): 

0 Level I - field screening or analysis using portable instruments. Results are often not 
compound specific and not quantitative but results are available in real-time. It is the 
least costly of the analytical options. 

0 Level II - field analyses using more sophisticated portable analytical instruments: in 
some cases, the instruments may be set up in a mobile laboratory on site. There is a 
wide range in the quality of data that can be generated. The quality depends on the 
use of suitable calibration standards, reference materials, and sample preparation 
equipment; and the training of the operator. Results are available in real-time or several 
hours. 

0 Level 111 - all analyses performed in an off-site analytical laboratory. Levd 111 analyses 
may or may not use Contract Laboratory Program (CLP) procedures, but do not usually 
utilize the validation or documentation procedures required of CLP Level IV analysis. 
The laboratory may or may not be a CLP laboratory. 
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e Level IV - CLP routine analytical services (RAS). All analyses are performed in an off- 
site CLP analytical laboratory fdlowing CLP protocds. Level IV is characterized by 
rigorous QA/QC protocds and documentation. 

e Level V - analysis by non-standard methods. All analyses are performed in an off-site 
analytical laboratory which may or may not be a CLP laboratory. Method development 
or method modification may be required for specific constituents or detection limits. 
CLP special analytical services (SAS) are Level V. 

The levels appropriate to the data need and data use have been specified on Table 4-1 for each data 
need. The levels as they apply to this work plan and specific analyses are presented in Table 4-2. 

4.2.4 Identify Data Quantity Needs 

Data quantity needs are based primarily on the quantities specified in the IAG. The Phase I data will be 
evaluated to determine the appropriate number of samples to be obtained in subsequent phases of the 
RI, as appropriate. 

4.2.5 Evaluate Sampling/Analysis Options 

The sampling/analysis approach for this Phase I work plan is based on a stepped, or phased approach. 
Screening level sampling and analysis is followed by sampling of areas of anomalous radiation readings 
or other areas identified during screening. Where no data are available, a grid system will be used. 

4.2.6 Review PARCC Parameter Information 

PARCC (precision, accuracy representativeness, completeness and comparability) parameters are 
indicators of data quality. Precision, accuracy and completeness goals are established for this work 
plan based on the analyses being performed and the analytical levels. PARCC goals are specified in 
the Quality Assurance Addendum (QAA) in Section 10.0 of this work plan. 

4.3 STAGE 3 - DESIGN DATA COLLECTION PROGRAM 

The purpose of Stage 3 of the DQO process is to design the specific data program for the Phase I 
Walnut Creek drainage RI. To accomplish this, the elements identified in Stages 1 and 2 and the IAG 
were assembled, and the Sampling and Analysis Plan (SAP) was prepared. The SAP consists of a Field 
Sampling Plan (FSP) and Quality Assurance Project Plan (QAPjP). These two components are 
presented in Sections 7.0 and 10.0 of this work plan. 
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TABLE 4-2 

LEVEL OF ANALYSIS 

Required Analytical Level Task 

Level I (Field Screens) 

Level I I  (Field Analyses) 

Level I l l  (Laboratory Analyses using 0 

EPA Standard Methods) 0 

e 

Level IV (Laboratory Analyses using 
EPA CLP Methods) 

e 

' ' Level V (Nonstandard Analyses) 0 

0 

Water Iwel measurement 
pH measurement 
Screening for organics (OVA/HNu) 
Screening for radionuclides (beta-gamma) 
Temperature 
Specific conductance 
Geophysical surveys 

Screening for organics (GC) 
Screening for radionuclides (gross beta/gross 
alpha, gamma spec) 
Analysis of engineering properties 

Major ion analysis 
Organics analysis 
lnorganics analysis 

Analysis of Target Compound List (TCL) and Target 
Analyte List (TAL) 

Radiological analyses 
Chemical analyses requiring modification of 
standard methods 
Special Analytical Services (SAS) 

~~ 

Source: U.S. EPA (1987a) 
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5.0 

PHASE I RCRA FACILITY INVESTIGATION/ 
REMEDIAL INVESTIGATION TASKS 

5.1 TASK 1 - PROJECT PLANNING 

Project planning will consist of the activities necessary to initiate the Phase I RCRA Facility Investigation 
(RFI)/Remedial Investigation (RI) of the Individual Hazardous Substance Sites (IHSSs) in the Walnut 
Creek drainage. Activities undertaken for this project have included a review of previous investigation 
results, historical aerial photographs, and other historical information. Results of this review are 
presented in Section 2.0 of this work plan. Prior to field investigations, it is necessary to complete the 
review of the existing data, including plant records and plans, available aerial photographs, and new 
data which becomes available after preparation of this work plan. The Interagency Agreement (IAG) also 
requires the submittal of several existing reports to the regulatory agencies. These reports will be 
assembled and reviewed during the project planning task. 

Available aerial photographs will be reviewed again to assess the types and extent of activities at several 
of the IHSSs. A discussion of the aerial photograph review for each unit is included as the Step 1 work 
for each unit in Section 7.0 of this document. Available reports and Plant plans will also be reviewed. 
The findings of the aerial photo review and the records review will be used to finalize the field 
investigation program. 

There are ongoing site studies at Rocky Flats of surface water and sediments, groundwater, geology 
background geochemistry (EG&G 19!3Ob), and ambient air that may provide data that have bearing on 
investigations in Walnut Creek. These data will be compiled and evaluated during Task 1. Data from 
investigations at overlapping and nearby OUs will also be reviewed. If available data from ongoing 

Phase I RFI/RI Work Plan ~ Walnut Creek Priority Drainage 
Flocky Flats Plant, Golden, CO 
N:\PRAIECTS\1513100\051592 

Final 
May 1992 
Page 5-1 



investigations meet the requirements of the Phase I sampling and analysis plan, the samples proposed 
in Section 7.0 need not be collected again. 

Other project-related documents are currently being prepared. The Sampling and Analysis Plan (SAP), 
which includes the site-wide Quality Assurance Project Plan (QAPjP) and Standard Operating 
Procedures (SOP) for field activities, is being completed by EG&G. The Health and Safety Plan (HSP) 
is also being completed by EG&G. The Field Sampling Plan (FSP) for the Phase I investigation is 
included as Section 7.0 of this document. The FSP will be revised as necessary based on the findings 
of the photo and historical records review. 

5.2 TASK 2 - COMMUNITY RELATIONS 

The information contained in this section is summarized from DOE (1990b). In accordance with the IAG 
dated January 22, 1991, the Communications Department at Rocky Flats is developing a Plant-wide 
Community Relations Plan (CRP) to develop an interactive relationship with the public relating to 
environmental restoration activities. A Draft Community Relations Survey Plan has been completed and 
forwarded to the Environmental Protection Agency (EPA), the Colorado Department of Health (CDH), 
and the public for review. This plan specifies activities planned to complete the Environmental 
Restoration (ER) Program CRP, including plans for community interviews. The draft CRP was completed 
in September and the final CRP in November 1990, in accordance with the IAG schedules. Accordingly, 
a site-specific CRP is not required for Operable Unit Number 6 (OU6). The ER Program community 
relations activities include participation by Plant representatives in informational workshops, meetings 
of the Rocky Flats Environmental Monitoring Council, briefings for the public on proposed remedial 
action plans, and meetings to solicit public comment on various ER Program plans and actions. 

The Communications Department is continuing other public information efforts to keep the public 
informed of ER activities and other issues related to Plant operations. A Speakers Bureau program 
sends speakers to civic groups and educational organizations, while a public tour program allows the 
public to visit Rocky Flats. An Outreach Program is also in place in which Plant officials visit elected 
officials, the news media, and business and civic organizations to further discuss issues related to Rocky 
Flats and ER activities. The Communications Department receives numerous public inquiries, which are 
answered through telephone conversations or by sending written informational materials to the 
requestor. 

5.3 TASK 3 - FIELD INVESTIGATION 

Phase I field investigations will be conducted at all of the IHSSs in Walnut Creek to collect samples and 
data concerning the nature and extent of contamination, if any, at each unit. The data and sample 
results will be used to support the Phase I Environmental Evaluation and Phase I Baseline Risk 
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Assessment, as well as meet the objectives and data needs described in Section 4.0 of this Work Plan. 
It is important to recognize that additional Phases of investigation and risk assessment may be required 
at some IHSSs prior to Feasibility Studies. 

Three types of activities will be performed during the Phase I field investigation: screening activities, 
sampling activities, and monitoring well installation. Screening activities include visual inspections, 
radiological surveys, geophysical surveys, and soil gas surveys. Sampling activities include surface soil 
sampling, subsurface sampling using test borings, surface water sampling and sediment sampling. 
Wells will be installed at specified locations and in some test borings. 

Twenty-one individual IHSSs have been included in OU6 in the Walnut Creek drainage. These IHSSs 
have been grouped into eight groups based on the historical use of the units and the physical similarities 
of the units. The group numbers are used in the maps, figures and tables to describe each of the units. 
Because of the diverse nature of the IHSS gro,ups, the Phase I field investigations of each group will be 
different. The general discussion of field activities for each IHSS group, based on the IAG, is given 
below. Specific field activities are described in the Phase I FSP in Section 7.0 of this work plan. 

5.3.1 IHSS 141 - Sludge Dispersal Area 

The screening activity at the sludge dispersal area will be a radiological survey. Sampling activities will 
be limited to surface soil sampling. One monitoring well will be installed downgradient of the unit and 
sampled. 

5.3.2 IHSS 142.1-9, 12 - Detention Ponds - A-Series and B-Series 

There will not be any screening activities at the four A-series or five B-series ponds. Surface water and 
sediment samples will be collected in several locations in each pond. Sediment samples will also be 
collected from Walnut Creek upgradient and downgradient of the ponds and between the ponds. A total 
of four monitoring wells will be installed below detention ponds A-4 and 8-5 and sampled. 

5.3.3 IHSS 143 - Old Outfall 

The screening activity that will be conducted at the Old Outfall site will be a radiological survey. 
Sampling will include surface soil sample collection and collection of soil samples to a depth of two feet 
below the original surface below the fill. In addition, soil samples will be collected upslope from the Old 
Outfall where the surface runoff was channeled to this area. 
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5.3.4 IHSS 156.2 - Soil Dump Area 

A germanium radiation survey will be performed at this IHSS followed by surface and subsurface soil 
samples. One well will be installed within the unit and sampled. 

5.3.5 IHSS 165 - Triangle Area 

A radiological survey and a soil gas survey will be the screening activities conducted at the Triangle 
Area. Surface soil samples will be collected from plume areas delineated during the screening. 
Subsurface samples will be collected from the same locations as the surface samples. Two alluvial 
ground water monitoring wells will be installed within the IHSS and sampled. 

5.3.6 IHSS 166.1-3 - Trenches A, B, and C 

The screening activity will consist of an electromagnetic geophysical survey which will be used to 
delineate the locations and extent of the trenches. Subsurface samples will be collected from borings 
drilled along the long axis of the trenches. One groundwater well will be installed east of IHSS 166.2 

and sampled. 

5.3.7 IHSS 167.1-3 - North, South, and Pond Area Spray Fields 

There will not be any screening activities conducted at the Spray Fields. Based on the findings of the 
aerial photograph review, surface and subsurface soil samples will be collected in each spray field area 
using a grid location system. Two alluvial ground water monitoring wells will be installed and sampled, 
one downgradient of the North Area Spray Field and one downgradient of the South Area Spray Field. 

5.3.8 IHSS 216.1 - East Area Spray Field 

Although the IAG does not specify field sampling at this site, limited surface and subsurface soil samples 
will be collected within this unit. 

5.4 TASK 4 - SAMPLE ANALYSIS AND DATA VALIDATION 

Samples collected during the Phase I field investigation will be analyzed for the parameters specified 
in the IAG, as a minimum, as described in Subsection 7.3. Analytical procedures will be completed in 
accordance with the ER Program QAPjP. Project-specific QA requirements are included in the Quality 
Assurance Addendum (QAA), Section 10.0 of this work plan. Subsection 7.3 of this work plan specifies 
analytical requirements, as well as sample containers, preservation and holding times, and field quality 
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control (QC) requirements. Samples collected for this work plan will be analyzed by a Rocky Flats Plant 
(RFP) contract laboratory. 

Phase I data will be reviewed and validated according to the data validation guidelines in the QAPjP and 
the Data Validation Functional Guidelines (EG&G 1990a). These documents state that the results of data 
review and validation activities will be documented in data validation reports. 

5.5 TASK 5 - DATA EVALUATION 

Data collected during the Phase I Walnut Creek drainage RI will be incorporated into the existing 
database with data from ongoing investigations at other OUs. The data will be used to better define site 
characteristics, source characteristics, the nature and extent of contamination, to evaluate proposed 
remedial alternatives, and to support the baseline risk assessment and environmental evaluation. 

5.5.1 Site Characterization 

Geologic and hydrogeologic data will be used to develop site maps and cross-sections. Geologic data 
will be used to further characterize the stratigraphy of the alluvium and colluvium at each site and to 
better define the depth to bedrock and the bedrock type. Geologic data from boreholes will provide 
information on the size and depths of the trenches and Old Outfall. 

Hydrogeologic data will be used to characterize the unconfined aquifer at the sites. These data will 
include information about the following: 

Hydrostratigraphic characteristics of units present 
Aquifer hydraulic parameters 
Hydraulic gradients 

Water table depth and configuration 

Data collected during surface water and sediment sampling will be used to characterize Walnut Creek 
and the A- and B-series ponds. 

To characterize the general groundwater flow regime within and adjacent to the IHSSs, groundwater flow 
modeling at an appropriate scale will be conducted. This flow modeling will initially consist of a single 
modeling project designed to include the IHSSs within OU6 and integrate consistently with sitewide 
groundwater flow modeling. The initial flow modeling will be used to construct flow paths from the 
IHSSs and to determine requirements for more detailed flow and transport modeling. Detailed flow and 
transport modeling will be done at the IHSS level as necessary. 
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To characterize the general surface water system of OU6, a regional scale surface water flow and 
transport model will be developed. This model will include the Walnut Creek segments that exist on 
Rocky Flats Plant. The model will be integrated with pond models to simulate the Walnut Creek system. 
The regional model may be expanded to include off-site segments as necessary. Where required, IHSS- 
specific flow and transport models will be developed and integrated to the regional scale model. 

5.5.2 Source Characterization 

The data collected during the Phase I RFI/RI will be evaluated to identify potential sources of 
contamination at the IHSSs. Potential sources include wastes disposed at the IHSSs and off-site 
sources located topographically and/or hydraulically upgradient or upwind of the sites. Analytical data 
from soil and sediment sampling at the sites will be used to characterize the nature, lateral and vertical 
extent, and volume of source materials, if present. 

5.5.3 Nature and Extent of Contamination 

Graphical and, where appropriate, statistical methods will be used to identify chemical and radioactive 
contaminants present in the soil, sediment, surface water, and groundwater and to estimate the 
concentrations and distributions of the contaminants in these media. Results of sampling will be 
compared with results of the ongoing background geochemical characterization to assess if chemical 
concentrations are above background levels. Products of these analyses may include isopleth maps, 
cross-sections and profiles, chemical tables, and statistical results. 

5.6 TASK 6 - PHASE I BASELINE RISK ASSESSMENT 

Using existing data and data collected during the tasks described above, a Phase I baseline risk 
assessment will be prepared for OU6 to evaluate the potential risks to public health and the environment 
in the absence of remedial action. The Phase I baseline risk assessment will provide the basis for 
determining whether remedial actions are necessary. 

The risk assessment process will be accomplished in five general steps: 

0 Identification of chemicals of concern 
0 Exposure assessment 
0 Toxicity assessment 

0 Risk characterization 
0 Qualitative and quantitative uncertainty analysis 
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The Phase I risk assessment will address 
associated with the site under the no-action 

the potential public health and environmental impacts 
alternative (no remedial action taken) based on the data 

available. This assessment will aid in the preliminary screening site remedies based on the contaminants 
of concern and the environmental media associated with potential risks to public health and the 
environment. 

The objectives and description of work for each risk assessment step are described in detail in the 
Baseline Risk Assessment Plan for OU6, Section 8.0 of this work plan. The Environmental Evaluation 
work plan is presented in Section 9.0 of this work plan. 

5.7 TASK 7 - DEVELOPMENT AND SCREENING OF REMEDIAL ALTERNATIVES 

Remedial Alternatives DeveloPment /Screening 

This section identifies potential technologies applicable to the remediation of contaminated soils, wastes, 
and groundwater at OU6. The identified technologies are based on the preliminary site characterization 
developed in Section 2.0. Identification and screening of technologies, assembling an initial screening 
of alternatives and identification of potential interim remedial actions will be conducted while the RFI/RI 
investigation is being conducted. However, the investigation of this operable unit is in its early stages 
and thus remedial alternatives are only briefly reviewed in this section. A more detailed evaluation of 
the remedial alternatives of each IHSS will be performed as more data are collected. It is important to 
recognize that additional phases of investigation may be required at some IHSSs prior to final screening 
of alternatives. 

The process that will be employed to develop and evaluate alternatives for Operable Unit Number 6 is 
similar to the EPA Superfund process for selecting remedial alternatives. The Superfund Comprehensive 
Environmental Recovery, Compensation and Liability Act of 1980 (CERCLA) process is described in 
detail in Guidance for Conductina Remedial lnvestiaations and Feasibilitv Studies Under CERCLA (U.S. 
EPA 1988a). The CERCLA process was adopted because it specifies in the greatest detail the steps that 
should be followed for selection of remedial alternatives. In addition, the lAG requires general 
compliance with both Resource Conservation and Recovery Act (RCRA) and CERCLA guidance. 

The steps followed to develop remediation alternatives for the IHSSs in OU6 are: 

Develop site remedial action objectives based on: chemical- and radionuclide-specific 
standards (when available); site-specific, risk-related factors; and other criteria, as 
appropriate. 
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Develop preliminary risk-based remedial action goals for affected media. Preliminary 
remedial action goals will be applied as performance objectives (along with chemical- 
specific Applicable or Relevant and Appropriate Requirements [ARARs)) for evaluating 
the effectiveness of specific technology processes identified as candidate components 
of viable remedial action alternatives. Consistent with the National Contingency Plan 
(NCP), preliminary remediation goals will be established at a 1 x lo* excess cancer risk 
point of departure and at other intervals within the 1 x lo4 to 1 x lo* decision range. 
As the Feasibility Study evolves, preliminary remediation goals may be revised to a 
different risk level based on consideration of appropriate factors including, but not 
limited to: exposure, uncertainty, and technical issues. 

Develop a list of general types of actions appropriate for the IHSS areas constituting 
OU6 (such as containment, treatment, and/or removal) that may be taken to satisfy the 
objectives defined in the previous step. These general types or classes of action are 
generally referred to as "general response actions" in EPA guidance. 

e Identify and screen technology groups for each general response action. For example, 
the general response action for containment can be further defined to include the in situ 
stabilization of contaminants in a form that is less mobile or immobile in the 
environment. Other containment alternatives could consist of groundwater barriers, 
such as slurry walls. Screening will eliminate those groups that are not technically 
feasible at the site. 

Identify and evaluate process options for each technology group to select a 
representative process for each group under consideration. Although specific process 
options are selected for alternative development and evaluation, these processes are 
intended to represent the broader range of options within a general technology group. 
For example, a soil bentonite slurry wall may be selected as representative of vertical 
barriers and would be used for technical and cost comparisons. 

Assemble the selected representative technologies into potential interim response 
actions for each IHSS, if appropriate. 

Assemble the selected representative technologies into site closure and corrective 
action alternatives for the IHSS areas comprising OU6 that represent a range of 
treatment and containment combinations, as appropriate. 

Screen the assembled alternatives against the short- and long-term aspects of three 
broad criteria: effectiveness, implementability, and cost. Because the purpose of the 

Phase I RFI/RI Work Plan - Walnut Creek Priority Drainage 
Rocky Flats Plant, Golden. CO 
N:\PROJECTS\ 15131Oo\O51592 

Final 
May 1882 
Page 58 



screening evaluation is to reduce the number of alternatives that will undergo a 
thorough and extensive analysis, alternatives will be evaluated in less detail than 
subsequent evaluations. 

"Effectiveness" is an evaluation of the protectiveness of human health and the environment achieved by 
a remedial alternative action during construction and implementation and after the response objectives 
have been met. Evaluation of effectiveness in the short term is based on protection of the community 
and workers, impacts to the environment, and the time required to meet remedial response objectives. 
Long-term evaluation of effectiveness addresses the risk remaining to human health and the environment 
and is based on the permanent destruction of, the decreased mobility of, or the reduction in volume of 
toxic compounds achieved after response objectives have been met. 

"lmplementability" is a measure of both the technical and administrative feasibility of constructing and 
operating and maintaining a remedial action alternative. It is used during screening to evaluate the 
Combinations of process options with respect to site-specific conditions. "Technical feasibility refers 
to the ability to construct, reliably operate, and comply with action-specific (technology-specific) 
requirements in order to complete the remedial action. "Administrative feasibility" refers to the ability 
to obtain required permits and approvals; to obtain the necessary services and capacity for treatment, 
storage, and disposal of hazardous wastes; and to obtain essential equipment and technical expertise. 

Cost estimates for screening will be derived from cost curves, generic unit costs, vendor information, 
conventional cost estimating guides, and prior estimates made for Rocky Flats and similar sites, with 
modifications made for Rocky Flats Plant conditions. Absolute cost accuracy is not necessary, but cost 
estimates should have the same relative accuracy for comparison and screening. The cost estimating 
procedures used during screening are similar to those that will be used during the later, detailed 
alternatives analysis. The later, detailed analysis, however, will receive more indepth and detailed cost 
estimates for the components of each alternative. The screening cost estimates will include capital, 
operating, and maintenance costs. The operating and maintenance costs will be calculated for the 
lifetime of the treatment unit operation at the site. Present-wotth cost analysis will be used for 
alternatives to make the costs for the various alternatives comparable. 

Alternatives with the most favorable results from the composite evaluation will be retained for further 
scrutiny during the detailed analysis. Not more than 10 alternatives will be retained for detailed analysis 
(including containment and no-action alternatives). At that time, it may be determined that additional 
site-specific information or technology-specific treatability studies are necessary for an objective detailed 
analysis. Also, it will be necessary to identify and verify the action-specific ARARs that each respective 
alternative will be required to meet. 

Phase I RFI/RI Work Plan ~ Walnut Creek Priority Drainage 
Rocky Flats Plant, Golden, CO 
N:\PROJECTS\l513100\051592 

Final 

Page 5 8  
May 1992 



For the Phase I RFI/RI work plan, the appropriate level of alternatives analysis is the listing of general 
response actions most applicable to the type of site under investigation. General response actions are 
defined as those broad classes of actions that may satisfy the objectives for remediation defined for 
OU6. Table 5-1 provides a list and description of general response actions and typical technologies 
associated with remediating soils, groundwater, sediments, and surface water. Table 5-1 also includes 
a general statement regarding the applicability of the general response action to potential exposure 
pathways. Not all of the alternative response actions and typical technologies listed may be appropriate 
for the IHSSs comprising OU6. Some will be discarded during the screening of alternatives. 

The response actions outlined in Table 5-1 must be applied to the potential exposure pathways that will 
be identified for OU6. The response actions can be capable of providing control over all or some of the 
potential pathways. Partially effective response actions can be combined to form complementary sets 
of response actions that provide control over all pathways. 

In general terms, potential human exposure may be avoided by prevention of contaminant release, 
transport and/or contact. Thus, application of the response actions may be considered at three different 
points in each potential exposure pathway: (1) at the point where the contaminant could be released 
from the source, (2) in the transport medium, and (3) at the point where the contact could occur with 
the released contaminant. 

The existing data regarding the site hydrogeologic characteristics and potential soil and groundwater 
contamination are not sufficient for implementing the screening process. The IAG and this work plan 
indicate that the following information will be collected during the Phase I RFI/RI for the characterization 
of the source and groundwater contaminants and for the preliminary screening of alternatives: 

Describe contaminant fate and transport 

Collect and analyze soil and groundwater samples below and hydraulically 
downgradient of potential release areas to evaluate contaminant spread 
Collect groundwater samples at selected locations to evaluate contaminant 
distribution 
Collect and analyze surface water and sediment samples at the Detention 
Ponds 
Collect sediment/surface soil samples in the creek/stream and beds 
Collect surface soil samples at the North, Pond, and South Area Spray Fields, 
East Area Spray Field, Sludge Dispersal Area, Triangle Area, and Soil Dump 
Area 
Describe and characterize hydrogeology beneath all JHSS areas 

Site physical characterization 

Groundwater flow regime within the unconfined aquifer 
Soil types and general engineering properties 
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Surface water flow regime 
Depth to groundwater and saturated thickness of aquifers of concern 

These data will provide for a thorough comparative evaluation of the technologies with respect to 
implementability, effectiveness, and cost, and will allow for informed decisions to be made with respect 
to the selection of preferred technologies. The FSP (Section 7.0) describes the methodology that will 
be followed to obtain the required information. 

Detailed Analvsis of Remedial Alternatives 

It is unlikely that sufficient data will be generated during the Phase I investigation to allow a detailed 
analyses of remedial alternatives. The detailed analysis of each alternative will be performed when 
sufficient data is generated during the remedial selection process. The detailed analysis is not a 
decision-making process, but it is the process of analyzing and comparing relevant information in order 
to select a remedial action. Each alternative will be assessed against nine evaluation criteria, and the 
assessments will be compared to identify the key tradeoffs among the alternatives. Assessment against 
the nine evaluation criteria is necessary for the Feasibility Study (FS) and the subsequent Record of 
Decision (ROD)/Corrective Action Decision (CAD) to comply with the CERCIA/RCRA ARARs. The nine 
specific evaluation criteria are: 

Overall protection of human health and the environment 
Compliance with ARARs 
Long-term effectiveness and permanence 
Reduction of toxicity, mobility, or volume 
Short-term effectiveness 
Implementability 
cost 
State acceptance 
Community acceptance 

These criteria are described in the CERCIA EPA guidance document (U.S. EPA 1988a). The initial two 
criteria are considered threshold criteria because these alternatives must be satisfied before further 
consideration of the remaining criteria. The next five criteria are considered the primary criteria on which 
the analysis is based. The final two criteria, state and community acceptance, are addressed during the 
final decision-making process after completion of the Corrective Measure/Feasibility Study (CMS/FS). 

5.8 TASK 8 - TREATABILITY STUDIES 

This task includes efforts to provide technical support in the form of bench-scale treatability tests to the 
Rocky Flats Plant ER Program in the event that treatability studies are necessary or appropriate to 
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support the OU6 RFI/RI. EG&G has prepared a site-wide Treatability Studies Plan (EG&G 19919 which 
addresses this task. The site-wide studies will be utilized as appropriate for OU6. 

Treatability studies are conducted primarily to: (1) provide sufficient data to allow treatment alternatives 
to be fully developed and evaluated during the detailed analysis, and to support the design of a selected 
remedial alternative; and (2) reduce cost and performance uncertainties for treatment alternatives to 
acceptable levels so that a remedy can be selected. Treatability study requirements are developed 
during the development and screening of remedial alternatives (Subsection 5.7) and include all available 
data from the current study as well as prior studies. 

Numerous technologies that appear to be potentially applicable for treating OU6 will be screened for 
treatability testing. The technologies selected for screening will be limited to those already commercially 
established or which have demonstrated potential for processing spent solvents, radionuclides, oils, and 
similar contaminants. Additionally, the technologies considered will be required to be readily 
implementable (Le., standard design package units available) within a short time frame. Innovative and 
alternative technologies not meeting the above requirements will not be considered. 

Depending on the hydraulic properties of the unconfined aquifer considered for remediation, it may be 
feasible to collect groundwater for treatment above ground. In that case, the following technologies 
have been identified for potential testing: 

Chemical Oxidation of Organics - Chemical oxidation is used to degrade hazardous 
organic materials to less toxic compounds. Oxidation systems, particularly those using 
ultraviolet (UV) light, ozone, and hydrogen peroxide, are powerful tools for treating a 
wide variety of common organic environmental contaminants. Disadvantages are 
similar to those for inorganic oxidation reduction: potential nontarget organics and 
inorganics can produce undesirable side products and increase oxidant requirements. 

e Granular Activated Carbon (GAC) Adsorption of Organics - GAC adsorption is the most 
fully developed and widely used technology for treating groundwater contaminated with 
organics. It is effective for the removal of a wide range of organics from aqueous waste 
streams. Bench- scale testing consists of running a series of descriptive tests to 
determine isotherms for the groundwater contaminants. GAC is typically regenerated 
with a thermal process and the regeneration process can be performed at either off-site 
or on-site facilities. 

e Reverse Osmosis - Reverse osmosis processes involve the use of semipermeable 
membranes. By  applying water pressure greater than the osmotic pressure to one side 
of the membrane, water is passed through the membrane while particulate, salts, and 
high molecular weight organics are retained. However, the retained, highly 
concentrated solution (retentate) contains dissolved salts as well as the target 
contaminants, and requires further treatment or disposal. 
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Air Stripping - Air stripping is a proven technology for removal of volatile and 
semivolatile Contaminants from water. This process involves the transfer of 
contaminants from a contaminated liquid phase to a vapor phase by passing the two 
countercurrent streams through a packed tower. Air emission treatment is generally 
required, with vapor phase activated carbon systems being the most commonly used 
process for this purpose, though other alternatives, such as oxidation and incineration, 
exist. The vapor phase treatment unit is generally costly. 

Distillation - Distillation is a process that involves separating compounds by means of 
their boiling point characteristics. The primary use of distillation is for reclaiming spent 
solvents from industrial processes, and it is generally applicable only to rather 
concentrated solutions. The process can be used to separate various volatile 
compounds or to separate mixtures of organics into light and heavy fractions. The light 
fraction can usually be recycled or used as a boiler feed, while the heavy fraction 
requires further treatment. 

Biological Reactors - Biological reactors utilize microorganisms to remove organic 
contaminants from the water. Most organic contaminants can be biologically degraded 
by introducing the appropriate microorganisms. High concentrations of some organics 
and the presence of metals may prove toxic to the organisms, however, and 
pretreatment may be required. Several types of aerobic reactors exist, including 
activated sludge systems, trickling filters, rotating biological contactors, and immobilized 
cell reactors. In general, these methods generate large amounts of sludge, requiring 
disposal. 

Sorption of Radionuclides - Sorption of inorganics, metals, and radionuclides is a 
standard technique for removal and concentration of these contaminants from 
wastewater. Common and proven sorption processes include ion exchange and GAC, 
while less-proven techniques involve the use of activated alumina, bone char, and 
proprietary sorption media. The sorption media are generally chemically regenerated, 
which results in a concentrated side stream requiring further treatment or disposal. Ion 
exchange and GAC sorbants are addressed separately, elsewhere in this subsection, 
while the use of activated alumina and bone char are discussed below. 

Activated alumina is a porous form of aluminum oxide with a large surface area. For 
removal of aqueous contaminants, activated alumina is typically used in a column 
similar to that for ion exchange. It has been proven successful in the removal of 
arsenic and fluoride from groundwater (Rubel 1980). More recently, activated alumina 
has shown promise in absorbing plutonium from a low-level wastewater effluent at the 
Hanford Site (Barney et al. 1989). In the Same study, plutonium adsorption on bone 
char was the most rapid and gave the highest decontamination factors. Waste-stream- 
specific laboratory testing would provide valuable information on the suitability of these 
sorbents for low-level radionuclide removal. 

Ion Exchange of Radionuclides - Ion exchange processes are used for a wide range 
of water treatment application, including commonly recognized systems such as 
demineralizers and water softeners. The goal of an ion exchange system is to remove 
undesirable ions of a certain type(s) from a solution and replace them with more 
acceptable ions. Radionuclides are commonly removed from waste streams at nuclear 
facilities using ion exchange. 
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Ion exchange resins, particularly anion exchange resins, have been used to recover 
uranium from mine run-off water for many years. Extensive studies on the laboratory 
scale report removal of uranium from natural waters as high as 99 percent (Sorg 1988). 
A small full-scale ion exchange system was capable of removing uranium from drinking 
water supplies to as low as 1 pg/l (Jelinek 1988). Ion exchange resins are typically 
rechargeable; however, the resins used in radioactive applications are generally only 
used once and are then disposed of as solid waste. Although published information 
in the removal of plutonium from natural waters by ion exchange has not been found, 
there is indication that ionized plutonium is removable using this technology (Marston 
1 990). 

In cases where collection of groundwater is not feasible or practical, the following technologies have 
been identified for potential testing: 

In Situ Biological Treatment - Depending on the effective porosity of the soils, in situ 
biological treatment may be feasible. In situ biological treatment of groundwater 
involves the stimulation of biological growth in the contaminated zone in order to 
reduce the contaminant concentrations. Microorganisms that can use some or all of 
the contaminants as substrates will normally exist in a contaminated environment. The 
microorganisms are stimulated to increase their biological growth and consumption of 
contaminants through addition of essential nutrients. Aerobic treatment systems also 
require the introduction of oxygen. In situ treatment is dependent on geological and 
hydrological conditions. The process is relatively inexpensive. 

0 Vacuum Extraction - Volatile contaminants can be removed from soil using vacuum 
extraction, which is an in situ treatment technology that involves the air stripping of 
contaminants by inducing a vapor flow through the soil. Since this technology involves 
the transfer of contaminants to the vapor, air emission treatment is generally required. 
The efficiency of the process is highly dependent on geologic conditions, and would 
tend to be ineffective in low-permeability materials. 

In cases where contaminants are entrained in soils, the soil (such as surface soil) is accessible, and the 
contamination is of limited areal extent, the following technologies have been identified for potential 
testing: 

Solidification/Stabilization - Solidification is a process in which contaminants are 
mechanically bound to solidification agents, reducing their mobility. This produces a 
solid matrix of waste with high structural integrity. Stabilization usually involves the 
addition of a chemical reagent to react with the contaminant, producing a less mobile 
or less toxic compound. Solidification and stabilization are frequently used together 
and are a well-established method for reducing the mobility and toxicity of hazardous 
wastes. This process generates large volumes of solidified materials requiring disposal. 

Vitrification - The vitrification process involves heating the waste matrix to a very high 
temperature and either combining the matrix with molten glass or heating the matrix 
until it melts. Once cooled, the molten mass solidifies into a stable, noncrystalline solid 
resistant to leaching of inorganic, metal, and radionuclide contaminants. Organic 
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components are destroyed by pyrolysis. The process can be conducted either in situ 
or off site; however, the process is generally expensive. 

0 Physical Separation - Soil contaminants are often found to be associated with particular 
size fractions of soils, most often fine particles. In these cases, fractionation of the soil 
based on particle size can be effective means of reducing the volume of the material 
that requires further treatment. The processes used for soil fractionation include 
screening, classification, flotation, and gravity concentration. 

0 Soil Washing - Soil washing is based on the principle of contaminant removal from soil 
by washing with two liquid solutions. Washing agents include water, acids, solvents, 
surfactants, and chelators. With the selection of appropriate washing solutions, soil 
washing technology can potentially be used to remove organic, inorganics, metals, and 
radionuclides. The wash solution containing the contaminants will require treatment 
and/or disposal. 

5.9 TASK 9 - REMEDIAL INVESTIGATION REPORT 

An RFI/RI report will be prepared summarizing the data obtained during the Phase I field work and data 
collected from previous and ongoing investigations. This report will: 

0 Describe in detail of the field activities that serve as the basis for the RFI/RI report. 
This will include any deviations from the work plan that occurred during implementation 
of the field investigation. 

0 Discuss site physical conditions. This discussion will include surface features, 
meteorology, surface water hydrology, surficial and subsurface geology, groundwater 
hydrology, demography and land use, and ecology. 

0 Present a Preliminary Site Characterization based on all RFI/RI activities at OU6 to 
characterize the nature and extent of contamination. The media to be addressed will 
include contaminant sources, soils, sediments, groundwater, surface water, air, and 
biota. 

0 Discuss contaminant fate and transport. This discussion will include potential 
contaminant migration routes, contaminant persistence, chemical attenuation processes 
and potential receptors. 

0 Present a baseline risk assessment. The risk assessment will include human health and 
environmental evaluations. 

0 Present a summary of the findings and conclusions. 

0 Identify data gaps and work to be performed for the Phase I I  investigation. 
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SCHEDULE 

The schedule for conducting the Phase I Remedial Investigation is summarized in Figure 6-1. Dates 

shown are from the Interagency Agreement (IAG), dated January 22, 1991. According to the schedule, 

approximately 3 years will elapse from the time this work plan is finalized until the Phase I Remedial 
Investigation Report is issued. 

Phase I RFI/RI Wort Plan ~ Walnut Creek Priority Drainage 
Rocky Flats Plant, Golden. CO 
N:\PRaJECTS\l513loO\os1592 

Final 
May 1982 
Page 61 



.- 

U.S. OEPARTMENT OF ENERGY 
Rocky fiats Plant, Golden, Coiorodo 

OPERABLE UNIT 6 
PHASE I RFI/Ri WORK PLAN 

PHASE I RFI/RI SCHEDULE 

I FIGURE 6-1 APfflL 1991 

Pkse I RFI/RI Work Plan. Walnul Creek Priority Drainage 
Rocky Flats Plant, Golden, CO 
N.\ PRn IFCTR\ 15?21M\rY11293 

Final 

Page 6-2 
May 1992 



EG&G ROCKY FIATS PLANT 
RFI/RI Work Plan for OU 6 

~~ ~ 

Manual No.: 

Section: 
Effective Date: 
Organization: 

21 loo-w-ou6.01 

7.0, Rev 0 
06/01/92 

Environmental Management 
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7.0 
FIELD SAMPLING PLAN 

7.1 BACKGROUND AND SAMPLING RATIONALE 

7.1.1 Background 

The objectives of the Phase I RCRA Facility Investigation (RFI)/Remedial Investigation (RI) are: 

e To characterize the physical and hydrogeologic setting of the Individual Hazardous 
Substance Sites (IHSSs) 

e To assess the presence or absence of contamination at each site 

e To characterize the nature and extent of contamination at the sites, if present 

e To support the Phase I Baseline Risk Assessment and Environmental Evaluation 

Within these broad objectives, site-specific data needs have been identified in Section 4.0. The purpose 
of this section of the work plan is to provide a Field Sampling Plan (FSP) that will address the data 
needs and data quality objectives. The FSP developed in this section is based on the requirements of 
the IAG Statement of Work for Operable Unit 6 (OU6), and the data needs developed in Section 4.0. 

It is important to recognize that additional phases of investigation and risk assessment may be required 
at some IHSSs prior to the feasibility studies. 

Generally, only limited information is available concerning the IHSSs in OU6 since there have been few 
previous investigations. Available information includes aerial photographs, site histories, and some 
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analytical data for samples collected near the IHSSs. Except for the A and B series ponds, little or no 
information exists specific to the physical characteristics of the sites or the nature and extent of the 
contamination. 

One of the objectives of the RFI/RI is to assess the presence or absence of contamination in the 
groundwater, surface water, and soils at the sites. A staged approach as outlined in the IAG will be 
used in Phase I to achieve this objective. This approach requires an iterative process involving 
continuing reassessment of the site condition as the data are obtained. Based on this process, the 
subsequent field sampling program may be modified to collect more representative data for each IHSS. 
This FSP describes this staged process. 

Based on the previous investigations and historical data presented in Section 2.0 of this report, the 
primary potential contaminants of concern are radioactive materials. lnsuff icient data exists to confirm 
or deny the presence of metals or organic compounds in IHSSs within OU6. 

7.1.2 Sampling Rationale 

As discussed above, a staged approach will be used for the sampling program. There are a total of four 
stages which may be completed at any site. 

Stage 1 consists of a review of existing data, including aerial photographs and site 
records. Data from ongoing or other operable unit investigations that have become 
available since preparation of this Phase I work plan will also be compiled and 
evaluated. These data will be validated as appropriate for incorporation into the OU6 
site characterization. This review of existing information has already been partially 
performed during preparation of this Phase I work plan. 

Stage 2 involves screening activities, including radiation surveys, a soil gas survey in 
the Triangle Area, and an electromagnetic geophysical survey at the Trenches. The 
radiation and soil gas surveys are designed to provide Phase I screening-level data 
concerning the presence or absence of contaminants at these sites. The geophysical 
survey will provide data on the depth and lateral extent of the Trenches. 

e Stage 3 consists of Phase I sampling activities for soil, sediment and surface water. 
Soil borings will be completed at some IHSSs to collect samples at depth and to 
characterize the IHSS. Some of the sampling locations may be selected to investigate 
anomalies identified in the Stage 2 soil gas and radiation surveys. This stage will 
provide confirmation of the Phase I screening data as well as aid in Phase I geologic 
and hydrogeologic characterization of the sites. 

Stage 4 is monitoring well installation and sampling, which will follow the Stage 3 
characterization and sampling. Groundwater monitoring wells will be installed to 
characterize the hydrogeologic setting of each site and to monitor alluvial groundwater 
conditions within or downgradient of several sites. These wells will be sampled after 
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completion and development, and the results will be included in the Phase I RFI/RI 
Report. 

7.1.3 Modifications to the IAG Plan 

Several sampling and analytical activities described in the lAG have been modified in this FSP. These 
modifications, listed below, have been made so that each IHSS can be better evaluated during the 
Phase I investigation. Modifications to the Phase I sampling program are presented first followed by 
the modification to the Phase I analytical program. 

Phase I SamtJlina' Proaram Modifications 

Both the Triangle Area (IHSS 165) and the Old Outfall (IHSS 143) appear to have been modified 
since waste disposal activities ceased at these locations. Fill has been added (origin of the fill 
unknown) and buildings have been constructed on the Old Outfall after waste disposal activities 
were discontinued. As much as 8 to 10 feet of fill may exist over the original surface. In 
addition, about 6 inches of surface fill has also been placed over parts of the Triangle Area. The 
Field Sampling Plan has been modified so that the surface soil sampling specified in the IAG 
can be taken from the original surfaces of these units. This will entail using borings to drill 
down to the original land surface so that samples can be collected at and below this surface. 
Composite samples of the fill will also be collected to determine if any contamination is present. 
The modifications to this sampling program are described in Subsections 7.2.3 and 7.2.5. 

Two-foot composite samples will not be used for volatile organics analysis at the Triangle Area 
(IHSS 165) or Trenches (IHSS 166). Instead, discrete samples will be collected at two-foot 
increments for analysis. Composite samples are not appropriate for analysis of volatile organic 
compounds, since a significant portion of the volatiles present in a sample can be volatilized 
during compositing of a sample. 

The soil gas survey at the Triangle Area (IHSS 165) will be conducted on a 100-foot offset grid 
instead of the 50-foot grid specified in the IAG. If areas of anomalous radiation readings are 
detected, the size of the grid will be reduced in that area to locate the organics source. 

One of the wells proposed in the Triangle Area (IHSS 165) within the PSZ will be drilled 20 feet 
into bedrock. If a sandstone zone is encountered, an additional well will be screened in the first 
sandstone zone in the bedrock. If there is not a sandstone zone in the boring, only one well 
will be completed in the saturated alluvium at that location. The purpose of the bedrock well 
is to confirm bedrock geology in this area and identify contamination, if present. 
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5) One well will be installed to monitor the saturated alluvium downgradient (east-southeast) of 
IHSS 166.2 (Trench B). It is suspected, based on the local topography, that Trench B may be 
near a groundwater drainage divide. Groundwater flow to the north from the trenches is 
monitored by several wells while no monitoring wells exist to the east. The purpose of this 
additional well will be to provide data on possible groundwater contamination adjacent to this 
trench and in the eastward flow direction. An additional alluvial well will be installed 
downgradient and immediately to the north of the eastern Trench C. 

6) Five sediment samples are to be collected in each A-series and B-series pond as proposed in 
the IAG. However, three of the five locations have been changed so that more representative 
samples of the pond sediment can be obtained. The five locations proposed in this Phase I 
FSP are: 

0 In the deepest portion of the pond, 
In the pond, five feet from the inlet, and 
At three randomly selected locations within the pond. 

0 

0 

The samples to be collected at the three random locations are the locations which have been 
changed from those specified in the IAG. These random samples will provide pond sediment 
data that can be statistically averaged, while the sediment samples collected from the deepest 
part of the ponds are likely to provide worst case concentrations. These average and worst 
case concentrations can then be used to better characterize the extent and nature of any 
contamination in the ponds and provide more useful data for the Phase I baseline risk 
assessment. The three original sampling locations specified in the IAG would provide 
non-random data that cannot be used in statistical analyses. 

7 )  Surface and subsurface samples will be collected in the North, Pond and South Area Spray 
Fields (IHSSs 167.1, 167.2 and 167.3) on 100-foot grids. Since homogeneous liquids were 
sprayed across the spray fields, the 1 00-foot grid should adequately characterize the nature and 
extent of contamination, if present. In addition, one sediment samples will be collected in the 
drainage immediately east of the North Spray Field as part of the site-wide surface water and 
sediment sampling program and a second sample will be collected immediately downgradient 
and north of the South Spray Field so as to characterize potential downstream contamination 
from these units. 

8) Surface and subsurface soil samples will be collected on a 200-foot grid from the East Area 
Spray Field (IHSS 216.1). The purpose of these additional samples is to evaluate the presence 
or absence of contamination in that area. The rationale for this sampling is that if Contamination 
is not found, then this IHSS may be removed from further phases of the RFI/RI process. 
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9) IHSS 156.2, the Soil Dump Area, has been moved from Operable Unit No. 14 into OUS. The 
field sampling plan for this unit will consist of a germanium surface radiation survey over the 
entire site instead of the proposed FIDLER survey specified in the IAG as the germanium survey 
should be a superior radiation detection technique. Surface and subsurface samples will be 
taken on a 150-foot grid across this IHSS instead of the 50-foot grid around the perimeter as 
proposed in the IAG. The rationale for this is that it is better to samplp the waste pile present 
within this IHSS than the perimeter of the unit. This sampling along with the surface germanium 
radiation survey should more adequately characterize the nature and extent of contamination, 
if present in this area. In addition, one alluvial well will be located in the western part of the unit 
and one will be drilled 20 feet into bedrock within this IHSS and will be completed as a bedrock 
well if a sandstone zone is encountered. 

10) Sediment samples will be collected from the drainages in OU6 to characterize areas where 
existing data is currently lacking. Proposed sediment samples have been located along each 
stream segment of North and South Walnut creeks where additional characterization is needed. 
Based on a review of the data collected at the 17 existing locations along the OUS drainages, 
there exists a significant amount of information about the sediments in many parts of OU6 (see 
Section 2.0). Subsequently, the sampling locations specified in the IAG have been reduced 
where site-wide data already exist with proposed sampling locations placed in areas that need 
further characterization. Based on this approach, the following sediment sample locations have 
been identified for OU6: (1) three additional samples have been added to South Walnut Creek 
to augment the five existing stations and 25 pond sediment samples that are collected in this 
area; (2) three sediment stations have been added to North Walnut Creek to supplement the 
six existing and 20 pond sediment locations: (3) two sediment locations have been added to 
Walnut Creek downgradient of the junction of North and South Walnut Creek to supplement the 
one existing and five pond sediment samples that are collected in this area; (4) two locations 
have been added to the unnamed tributaries north of North Walnut Creek just downstream of 
IHSSs 167.1 and 167.2 to supplement the existing three sediment samples along this drainage; 
and (5) two dry surface sediment samples will be collected at the inlet to each of the A- and B- 
series detention ponds (18 total) to address the risk from direct dermal contact, and wind 
eroded ingestion and dermal contact. These proposed sampling locations in combination with 
the 17 existing sediment stations in this area and the 68 sediment samples to be collected from 
the detention ponds should be sufficient to characterize the drainages in OU6. In addition to 
the above, two more sediment locations have been located south of the Triangle Area and one 
north of the Triangle Area to determine if the drainage from this IHSS has affected the area 
downslope of this unit. 
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11) Five bedrock wells will be installed in the vicinity of North Walnut Creek during the OU6 
investigation. The purpose of these wells is to characterize the bedrock in the vicinity of the 
A-series ponds. 

Analvtical Proaram Modifications 

1) Soil samples from the preexisting surface (below the fill) of the Triangle Area (IHSS 165) will be 
analyzed for metals as well as for radioactive elements. This should provide more specific data 
on the potential for metals contamination at this site. Metal analyses have been added to this 
site because the wastes that were placed in this area may have contained metals, and for 
consistency, since the groundwater monitoring program calls for analysis of metals in wells near 
this IHSS. 

2) A gamma radiation scan will be conducted by EG&G or its contractor on each of the sediment 
samples collected from the location at the deepest portion of the A- and B-series ponds. 
Sediment samples at these locations will be collected from the sediment core at five-centimeter 
intervals. The rationale behind this analysis is to evaluate whether contamination may exist in 
thinly stratified layers and to provide additional data to characterize pond sediment. 

3) The IAG specifies that water and sediment samples be analyzed for soluble and insoluble 
radionuclides and metals. For the purposes of this Phase I investigation, each of the water 
samples will be filtered, with both the filtered and unfiltered aliquots analyzed for the specified 
metals and radionuclides. The filtered samples will provide data on the dissolved constituents 
and the unfiltered samples will provide data on the total constituent concentrations. Also, water 
samples (both filtered and unfiltered) and sediments will be analyzed for both plutonium 
isotopes (239/240). This is consistent with the existing Rocky Flats analytical methods. 

4) Several analyses have been added to the Phase I analytical program to assess chemicals of 
interest in the Environmental Evaluation. Groundwater from wells at the Triangle Area (IHSS 
165), Trenches A, B and C (IHSS 166), the North and South Area Spray Fields (IHSSs 167.1 and 
167.3) and all the sediment samples collected in Walnut Creek (excluding the pond samples) 
will be analyzed for TCL pesticides/PCBs. For the pond sediment samples, the sample from 
the deepest part of the pond and from the inlet area will be analyzed for TCL pesticides/PCBs. 
All surface (0-2 inches) soil samples taken in OU6 and sediment samples collected in Walnut 
Creek and the Ponds will be analyzed for total organic carbon (TOC). 
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7.2 INVESTIGATION PROGRAM 

This section describes the Phase I investigation program for the IHSSs within OU6. For each IHSS, the 
tasks listed are generally divided into office activities prior to field sampling (Stage l), field screening 
activities prior to sampling (Stage 2), field sampling activities (Stage 3), and groundwater monitoring well 
installation and sampling (Stage 4). As part of the field sampling program, data from the she-wide 
monitoring program and investigations at other OUs will be used as appropriate to add to, or substitute 
for, the data collected during the Phase I investigation. The sites in OU6 are IHSS 141 - Sludge 
Dispersal Area, IHSS 142.1-9, 12 - A and B Series Detention Ponds, IHSS 143 - Old Outfall, IHSS 156.2 - 
Soil Dump Area, IHSS 165 -Triangle Area, IHSS 166 -Trenches A, B and C, IHSS 167 - North, Pond, and 
South Area Spray Fields, and IHSS 216.1 - East Spray Fields - North Area. For reference, the Phase I 
investigation programs for each IHSS are summarized below. A number of standard operating 
procedures (SOPs) will be used during the investigation. The SOPs are cited in this section and 
discussed further in Section 11 .O of this Phase I work plan. 

7.2.1 JHSS 141 - Sludge Dispersal Area 

Stage 1 - Review of Existing Data and Radiation Survey 

After review of existing data, a ground-based radiation survey employing a high-purity germanium 
gamma-ray sensor will be performed over the Sludge Dispersal Area. The area to be surveyed for IHSS 
141 is outlined by the boundary for this IHSS (Table 7-1). The germanium sensors employed for this 
survey will be spaced such that there is overlapping coverage between stations, so that essentially 100% 

coverage can be obtained. The gamma-emitting radionuclides that are detected will be analyzed to 
identify the isotopes that may be present. Prior to implementation, an SOP will be developed for 
performing this survey. If areas of anomalous radiation readings are detected, they will be surveyed 
sufficiently to define their lateral extent. The results will be plotted and contoured on a map and will also 
be presented in tabular form. 

Stage 2 - Surface Soil Sampling 

Surface soil samples will be collected to a depth of 5 cm on a 25 ft. grid over lHSS 141 (Figure 7-1) 
according to the RF method in GT.8, Surface Soil Sampling. Samples will be mixed and split for 
radionuclides and non-radioactive samples. Surface soil samples will also be collected from areas of 
anomalous radiation readings located during the radiation survey. Grid points located in paved areas 
(road) or under buildings within this IHSS will not be collected. A discussion of the analytical program 
for these samples is contained in Subsection 7.3. 
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Stage 3 - Monitoring Well 

One alluvial monitoring well will be installed downgradient of IHSS 141 (a preliminary location is shown 
on Figure 7-1). The location of the well will be selected after completion of the Stage 2 activities and 
after a review of the geologic conditions at the site. The proposed well location will be submitted to EPA 
and CDH for review and approval prior to its installation. This well will be screened to monitor the 
saturated alluvium. If a water bearing sandstone unit is found to be the first bedrock unit underlying the 
alluvium, an additional well will be completed in the sandstone unit at that location. The well(s) will be 
drilled according to SOP GT.2, installed according to SOP GT.6 and developed according to SOP GW.2. 
Following development, the well(s) will be sampled according to SOPS GW.5 and GW.6. The Phase I 
analytical program for samples collected from these wells are contained in Subsection 7.3. The results 
of the first round of sampling will be reported in the Phase I Report. The well(s) will be sampled and 
quarterly basis for a minimum of one year. 

7.2.2 IHSS 142.1-9, 12 - A and B Series Detention Ponds 

Stage 1 - Review Existing Data 

Surface water and sediment samples are currently being collected at locations in the Walnut Creek 
drainage as part of ongoing monitoring activities at the Rocky Flats Plant. The sampling locations, 
methodology, analytical parameters, and results from this monitoring will be reviewed prior to Phase I 
activities to assess potential overlap between programs. Data collected during these ongoing 
monitoring activities may satisfy the requirements of this OU6 program and will be utilized, if appropriate 
(Table 7-2). Also, as specified in the IAG, the 1986 Rockwell International report entitled "Trends in the 
Rocky Flats Surface Water Monitoring" (US. DOE 1986a) and other data pertaining to these ponds will 

be submitted to the EPA and CDH. 

Stage 2 - Surface Water and Sediment Samples 

Five surface water samples will be collected from each of the four A-Series Detention Ponds and the 
five B-Series Detention Ponds and IHSS 142.12. At least one of the five water samples from each pond 
will be taken from the deepest part of the pond. As specified in the IAG, stratification of the water 
column at this location will be identified through temperature and/or dissolved oxygen measurements 
taken according to SOP SW.8. If stratification of the pond is identified, grab water samples will be taken 
from each vertically stratified zone. The second water sample from each pond will be collected from 
within 5 feet of the inlet of the pond. The third water sample from each pond will be taken within 5 feet 
of the pond spillway. The other two sampling locations will be randomly selected based on the size of 
the pond at the time of sampling. The surface water sample collected at each location will consist of 
a composite sample from the entire vertical water column, except for the grab samples at the deepest 
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sampling location (described above). Samples will be collected according to SOPS SW.l, SW.2, and 
SW.8 as they apply to pond water sampling. 

Five sediment samples will be collected from each of four A-Series Detention Ponds, the five B-Series 
Detention Ponds and IHSS 142.12 (Figures 7-2 and 7-3). One of the five sediment samples will be 
collected from within 5 feet of the pond inlet. The second sediment sample will be taken from the 
deepest parts of each pond. The other three samples will be taken at random locations within the area 
of the pond as it exists at the time of sampling. All sediment samples will represent the entire vertical 
column of sediment present at each location. If sediment depth is greater than 2 feet, 2-foot composite 
samples will be collected to represent the entire vertical column of sediment present at each location. 
Surface sediment samples will be collected to a depth of two inches. Sediment samples will be 
geologically logged according to SOP GT. 1. 

In addition to the above samples, grab sediment samples will be collected from discrete vertical intervals 
in the sediment core taken from the deepest part of the pond. These sediment samples will consist of 
composite samples collected at 5-centimeter intervals in this core. Each of these samples will be 
analyzed by a gamma radiation scan. 

In addition, two dry surface sediment samples will be collected at the inlet to each of the A- and B- 
Series Detention Ponds. These samples will be collected to a depth of two inches. This data will 
address the risk from direct dermal contact and wind eroded ingestion and dermal contact (not 
presented in Figure 7-3). 

Sediment samples will also be collected along Walnut Creek from adjacent to Parking Area No. 71 to 
Indiana Street (Figure 7-4). There already exist data on the sediments in the OU6 area (see Section 2.0). 
These existing data were used to focus the Phase I sediment data collection effort in areas where there 
are data gaps. In addition, the sediment samples that are collected from the individual detention ponds 
should also provide a significant amount of information on the sediments in this area. This pond 
sediment data is considered particularly important for characterizing the contamination present in this 
drainage because the contaminants should be preferentially present in the finer-grained sediments that 
exist in these ponds. 

Based on the existing sediment sampling locations within the detention ponds and near the IHSSs along 
this drainage, the Phase I sediment sampling locations for this work plan were selected (Figure 7-4). 
Table 7-3 contains the Phase I sediment sampling program (both existing and proposed) which has 
been developed for OU6. Generally, additional sampling locations have been placed downstream of 
each IHSS and along each stream segment where existing data is lacking to characterize this drainage. 
This proposed sampling program along with the existing site-wide sediment program should be able to 
adequately characterize the drainages within OU6 and to determine if there has been any impact from 
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the individual IHSSs located along it. If contaminants are detected, additional sediment samples will be 
collected as needed to characterize these areas. 

In addition to the above sediment samples, two samples will be collected south of the triangle area to 
determine if this area has been affected by runoff from this IHSS (Figure 7-4). One of these locations 
along the south boundary of this IHSS will sample the sediment at the upstream end of a culvert that 
runs underneath the PSZ. The second sediment location, southwest of the Triangle Area, will be used 
to characterize the sediment that are present in this area. 

These stream sediment samples will be collected within the stream at points that are conducive to the 
collection of sediment. The sample at each location will consist of 2-foot composite samples taken to 
the depth of the first gravel layer below the sediment. If the sediment is thicker than two feet, then 
two-foot composite samples will be collected to represent the entire vertical column of sediment present 
at each location. All sediment samples listed above will be collected according to SOP SW.l, SW.2, 
SW.3, SW.6 and the SOP Addendum (SOPA) to SOP SW.6 in Section 11.0 of this document. The 
chemical analyses that will be performed on these samples are presented in Subsection 7.3. 

Stage 3 - Monitoring Wells 

Two monitoring wells will be installed immediately downgradient of each dam at Pond A-4 and at 
Pond 8-5 for a total of 4 wells (Figure 7-2 and Figure 7-3). The wells will be constructed within the 
original stream channel according to SOP GT.6 and will monitor the saturated alluvium. If a 
water-bearing sandstone unit is found to be the first bedrock unit underlying the alluvium, an additional 
well will be completed in the sandstone unit at that location. Following development of the wells 
according to SOP GW.2, the wells will be sampled according to SOPS GW.5 and GW.6. Results of the 
first round of sampling will be reported in the Phase I RI Report. The wells will be sampled quarterly 
for a minimum of one year. The analytical program for samples from these wells is discussed in 
Subsection 7.3. 

In addition, five bedrock monitoring wells will be installed in the North Walnut Creek area to further 
characterize the bedrock and to determine if the Arapahoe No. 4 sand is present in this area. These 
bedrock wells will be cored only in the interval in which they will be completed. The five wells will be 
installed in the approximate locations shown on Figure 7-4 to depths ranging from 80 to 120 feet. 
Drilling fluids and cuttings from these wells will be handled according to SOP F0.8 and the wells will 
be completed in accordance with SOP GT.6. Following development of the wells (SOP GW.2), the wells 
will be sampled on a quarterly basis for a minimum of one year. The analytical program for samples 
from these wells is discussed in Subsection 7.3. 
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7.2.3 IHSS 143 - Old Outfall 

Stage 1 - Review Existing Data, Surface and Subsurface Soil Sampling 

In order to obtain confirmatory surface soil characterization data, four randomly selected surface 
samples from the soil boring grid will be collected to a depth of 2 inches below the existing ground 
surface, according to SOP GT.8. 

The Old Outfall is an area where fill has been placed since waste discharge activities ceased at this site. 
Fill thicknesses may vary from 0 to 10 feet. Since the area of interest is the pre-fill ground surface, it 
will be necessary to drill through the fill to collect samples from the original ground surface. Soil borings 
in IHSS 143 will be drilled on a 20-foot grid, except under buildings, to a depth of 2 feet below the 
original pre-fill surface (see Figure 7-5). One sample will be collected from the top of the prefill surface 
to 2 inches below the prefill surface (discussed previously). The second sample will be collected from 
2 inches to 24 inches below the prefill surface. Composite samples will be collected from the entire 
vertical section of the fill section in every fourth boring. The borings will be drilled according to SOP 
GT.2. In addition to the above borings, one boring will be drilled just east of the east culvert and 
sampled similar to the above borings (see Figure 7-5). 

Stage 2 - Monitoring Well 

One alluvial groundwater well will be installed downgradient of the Old Outfall Area (not shown on Figure 
7-5). The well will be located within the PSZ unless cultural features prevent drilling. In that case, an 
alternative location will be selected downgradient of the IHSS and outside the PSZ. The well be drilled 
according to SOP GT.2, installed according to SOP GT.6, and developed and tested according to SOP 
GW.2. Following development, the well will be sampled according to SOPS GW.5 and GW.6. The 
proposed analytical program for samples from these wells is contained in Subsection 7.3. The results 
of sampling will be reported in the Phase I RI Report. This well will be sampled on a quarterly basis for 
a minimum of one year. 

7.2.4 IHSS 156.2 - Soil Dump Area 

Stage 1 - Review Aerial Photographs 

Aerial photographs will be evaluated to identify the extent of the Soil Dump Area (Table 7-5). 
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Stage 2 - Radiation Survey 

A ground-based radiation survey employing a high-purity germanium gamma-ray sensor will be 
performed over the Soil Dump Area. The area to be surveyed for JHSS 156.2 is outlined by the 
boundary for this IHSS (Figure 7-1). The germanium sensors employed for this survey will be spaced 
such that there is overlapping coverage between stations, so that essentially 100% coverage can be 
obtained. The gamma-emitting radionuclides that are detected will be analyzed to identify the isotopes 
that may be present. Prior to implementation, an SOP will be developed for performing this survey. If 

areas of anomalous radiation readings are detected, they will be surveyed sufficiently to define their 
lateral extent. The results will be plotted and contoured on a map and will also be presented in tabular 
form. 

Stage 3 - Surface Sediment Samples, Surface Soil Samples and Soil Borings 

Surface soil samples will be collected to a depth of 2 inches on a 150-foot grid over the Soil Dump Area 
(Figure 7-1). Surface soil samples will be collected according to SOP GT.8. Soil borings will be drilled 
3-feet into the undisturbed soil beneath the soil piles on the same 150-foot grid according to SOP GT.2. 
Samples will be taken continuously in these boring and will be composited from each 6-foot interval in 
the fill material. Where the material is less than 6-feet, the entire interval will be composited. A 3-foot 
composite will be taken of the underlying prefill soil surface. These samples will be analyzed for 
radioactive elements and TAL metals (see Subsection 7.3). 

During sampling a soil classification survey will be completed in the Soil Dump Area for use in the 
Environmental Evaluation. Several samples may also be collected from 0 to 2 foot depth for grain size 
analysis. 

Stage 4 - Monitoring Well 

One alluvial monitoring well will be installed in this IHSS to monitor groundwater underlying the Soil 
Dump Area. The well will be located in the western part of the unit (Figure 7-1). This location was 
selected because the most potentially contaminated soil was placed near the prefill surface in the 
western half of the IHSS. Also, the fill is thickest to the west (approximately 20 feet) and tapers to zero 
feet to the east. A boring will be drilled 20 feet into bedrock. It is possible due to the limited saturated 
thickness of the alluvium that there may be locations where there is no water or times of the year when 
the saturated thickness is zero. If this is the case, it may be necessary to relocate the well or possibly 
install a vadose zone sampling device such as the BAT sampler to characterize the contaminant plumes 
in zones of limited water. 
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If a sandstone is present, then an additional well will be completed to monitor the sandstone layer. The 
purpose of this well is to confirm bedrock geology and to characterize the presence of contamination 
in this area, if present. The well(s) will be drilled according to SOP GT.2, installed according to SOP 
GT.6, and developed and tested according to SOP GW.2. During slug testing of the bedrock well, 
Special attention will be directed towards characterizing this stratigraphic sandstone lenses in the 
bedrock, if present by performing a slug test. Following development, the well will be sampled 
according to SOPS GW.5 and GW.6. The proposed analytical program for samples from these wells 
is contained in Subsection 7.3. The results of the first round of sampling will be reported in the Phase I 
R1 Report. This well will be sampled on a quarterly basis for a minimum of one year. 

7.2.5 IHSS 165 - Triangle Area 

Stage 1 - Review Aerial Photographs 

Aerial photographs from 1953, 1964, 1969 and 1971 will be re-evaluated to identify the extent of the 
disposal area (Table 7-6). The aerial photographs suggest that the site extends farther to the north, east 
and west than is presently mapped. Additional studies conducted on or near the Triangle Area after 
preparation of this work plan will also be evaluated. These include investigations currently planned for 
Operable Unit 2 and the investigation planned for IHSS 176 (S & W Contractor Storage Yard), which 
partially overlaps this area. Also during Stage 1 any reports or documents concerning the radiometric 
surveys conducted from 1975 to 1983 and any cleanup activities at this site will be submitted to the EPA 
and CDH. 

Stage 2 - Radiation and Soil Gas Surveys 

A ground-based radiation survey employing a high-purity germanium gamma-ray sensor will be 
performed over the Triangle Area, exclusive of the PSZ fence area. The area to be surveyed for IHSS 
165 is outlined by the boundary for this IHSS (Figure 7-1). The germanium sensors employed for this 
survey will be spaced such that there is overlapping coverage between stations, so that essentially 100% 

coverage can be obtained. The gamma-emitting radionuclides that are detected will be analyzed to 
identify the isotopes that may be present. Prior to implementation, an SOP will be developed for 
performing this survey. If areas of anomalous radiation readings are detected, they will be surveyed 
sufficiently to define their lateral extent. The results will be plotted and contoured on a map and will also 
be presented in tabular form. 

A real-time soil gas survey will be conducted over the Triangle Area, excluding the PSZ fence area 
(Figure 7-1) to evaluate the presence of volatile organic compounds. Soil gas samples will be taken on 
a 100-foot offset grid according to the procedures described in SOP GT.9. If organics are detected, the 
size of the grid will be reduced in that area to locate the organics source. The probe will be driven two 
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to four feet into the soil, below the fill, if possible, to collect the sample. The soil gas samples will be 
analyzed for carbon tetrachloride, trichloroethane (TCE), dichloromethane, acetone, 2-butanone, 
tetrachloroethane (PCE), 1,2dichloroethane (DCA), chloroform and toluene. Analytical peaks of 
compounds for which the gas chromatograph (GC) is not calibrated will be noted. The soil gas survey 
will be conducted using a portable GC. The analytical program for this soil gas survey is further 
discussed in Subsection 7.3.2. 

Stage 3 - Surface Soil Samples, Soil Cores, Soil Borings, and Sediment Samples 

Six randomly selected surface soil samples will be selected from the soil gas grid to test the screening 
techniques. In addition, surface soil samples will be collected at the locations of volatile organic or 
radiation plumes, if detected. The surface soil samples will be taken at the surface of the fill material 
and at the original ground surface according to the procedures described in SOP GT.8. 

Soil cores will be collected on a random basis to confirm the results of the screening surveys. One soil 
core will be collected for every 15 soil gas samples at the same depth as the soil gas samples. 

During sampling, a soil classification survey will be completed at the Triangle Area for use in the 
Environmental Evaluation. Several samples may also be collected from 0 to 2 foot depth for grain size 
analysis. 

If plumes are identified by the soil gas or radiation survey, soil borings will be utilized to transect the 
plumes. At each plume area one soil boring will be placed at the location of the highest soil gas reading 
and two borings will be drilled downgradient of that point. Three borings will be placed at up to three 
areas where plumes have been identified by the soil gas survey at the Triangle Area, resulting in a 
maximum of 9 borings for this area. The soil borings will be drilled 3 feet into weathered bedrock 
according to the procedures described in SOP GT.2. Samples will be taken continuously in these 
borings. Discrete samples will be collected from every 2-foot increment and analyzed for volatile organic 
compounds as described in Subsection 7.3. Samples will be composited from every 6-foot interval and 
analyzed for semivolatile organic compounds and radionuclides as described in Subsection 7.3. 
Boreholes at six randomly selected locations will be drilled and sampled to confirm the results of the 
surveys are negative. 

One sediment sampling station will be established adjacent to surface water station SW-91 (not shown 
on Figure 74) in the ditch flowing water toward North Walnut Creek. The stream sediments sample will 
be collected within the stream at a point that is conducive to the collection of sediment. The sample 
at each location will consist of 2-foot composite samples taken to the depth of the first gravel layer 
below the sediment. If the sediment is thicker than 2 feet, then 2-foot composite samples will be 
collected to represent the entire vertical column of sediment present. The sediment sample will be 
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collected according to SOP SW.l, SW.2, SW.6 and SOP Addendum (SOPA) to SOP SW.6. The 
chemical analyses that will be performed on these samples are presented in Subsection 7.3. 

Stage 4 - Monitoring Wells 

Two monitoring wells will be installed within IHSS 165 to monitor the alluvial groundwater in the Triangle 
Area. Two locations have been tentatively selected on the north side of the Triangle Area where there 
are currently no wells present (preliminary locations are shown on Figure 7-1). One of these wells will 
be located east of the PSZ fence, and the other well will be located within the PSZ. Final locations for 
the Phase I wells will be selected following a review of the existing well locations at the time of the 
investigation. It is possible due to the limited saturated thickness of the alluvium that there may be 
locations where there is no water or times of the year when the saturated thickness is zero. If this is 
the case, it may be necessary to relocate the wells or possibly install a vadose zone sampling device 
such as the BAT sampler to characterize the contaminant plumes in zones of limited water. The wells 
will be drilled according to SOP GT.2 and installed according to SOP GT.6. The well west of the PSZ 
fence will be drilled 20 feet into bedrock. If a sandstone zone is present in this boring, then the an 
additional well will be completed in the sandstone. If the sand is not present, the well will be completed 
in the saturated alluvium. The well east of the PSZ fence will be completed in the saturated alluvium. 
The wells will be developed according to SOP GW.2. Following development, the wells will be sampled 
according to SOPS GW.5 and GW.6. The proposed analytical program for samples from these wells 
is contained in Subsection 7.3. The results of the first round of sampling will be reported in the Phase I 
RI Report. These wells will be sampled on a quarterly basis for a minimum of one year. 

7.2.6 IHSS 166 - Trenches A, B, and C 

Stage 1 - Review Aerial Photographs 

Aerial photographs from 1964 and 1969 will be re-evaluated to identify the extent of the trenches 
(Table 7-7). The dimensions and locations of the trenches will be measured from the aerial photographs 
and used for preliminary locations for the geophysical surveys. 

Stage 2 - Geophysical Survey 

Surface geophysical techniques will be utilized to estimate the location and lateral extent of Trenches 
A, B, and C. Electromagnetics (EM) methods will be employed. Electrical conductivity variations are 
expected between the undisturbed soils and rock and those areas disturbed by trenching and sludge 
deposits. EM methods provide a rapid means of measuring the electrical conductivity of subsurface soil, 
rock, and groundwater. Analysis of conductivity variations should allow the trenches to be mapped. 
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The EM survey will be conducted over the suspected trench locations. Sufficient data will be collected 
to obtain "background level" conductivities. General EM line locations are shown in Figure 7-6. 

Approximately 4,500 feet of EM data will be collected utilizing a 10-foot station spacing. This spacing 
will allow good resolution of trench lateral extent. 

A geonics EM-31 ground conductivity meter will be used for the EM data collection. Data will be 
collected in the horizontal dipole mode, which provides depth penetration to nine feet, and the vertical 
dipole mode, which provides depth penetration to 18 feet. Given the shallow depth of the 
Arapahoe/Laramie Formation in this area (8-1 5 feet), these penetration depths will be sufficient. 
However, preliminary analysis will allow a determination if increased penetration is required. If so, a 
geonics EM-34 will also be used allowing penetration depths of 25-30 feet. 

After completion of the survey, conductivity values will be plotted and contoured over each grid area. 
A nondisturbed area and the trench locations will be evaluated in this interpretation. If the EM method 
is unsuccessful, ground penetrating radar (GPR) will be used to aid trench detection and delineation. 
GPR is an electromagnetic sounding technique, and operates on the principle that electromagnetic 
waves emitted from a transmitter antenna are reflected from buried objects and detected at a receiver 
antenna. Reflections are observed for subsurface materials that have different dielectric conductivities 
than the host material. Subsurface metal, refuse, or trench edges often possess substantial dielectric 
conductivity contrasts allowing these subsurface features to be mapped. Under favorable conditions, 

subsurface features can be detected to 20 or 30 feet. 

In practice, the success of a GPR survey is highly site dependent. The depth of GPR penetration is a 
function of the near-surface soil conductivity. In areas where clay or conductive soil is near the surface, 
penetration can be reduced to a couple of feet or less. For this reason, a test line will be conducted 
at each survey site to ensure penetration is sufficient to detect subsurface trenches. The test line will 

also test various antennas for an optimum choice, as well as determine data recording parameters. 

Upon confirmation that the method is producing sufficient penetration, a series of profiles will be 
conducted at each survey site over suspected trench areas. A Subsurface Interface Radar (SIR)-3 or 
SIR-8 antenna system will be used to collect the radar data. Profile radar results will be correlated to 
all other data, both geophysical and geological, to interpret trench locations. 
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Stage 3 - Soil Borings 

As specified in the IAG, soil borings will be drilled on 25-foot centers along the long axis of each of the 
trenches (Figure 7-6). The borings will be drilled and sampled according to SOP GT.2 and will be 
terminated 5 feet below the bottom of each trench. Samples will be taken continuously in these borings. 
Discrete samples will be collected from every 2-foot interval and analyzed for TCL volatiles. Samples 
will be composited from every 6-foot interval and analyzed for TAL metals, and radioactive elements (see 
Subsection 7.3). Since it is possible that groundwater may be encountered in these borings, the borings 
should be completed during the period of low water table in the fall to limit the potential of encountering 
groundwater in the borings. 

During sampling a soil classification survey will be completed at the Trenches for use in the 
Environmental Evaluation. Several samples may also be collected from 0 to 2 feet for grain size 
analysis. 

Stage 4 - Monitoring Wells 

Monitoring wells will be installed at Trenches B and C only. At Trench A, wells 63-89, 64-89, and 72-87 
will monitor any potential releases from this unit. One monitoring well will be installed to rnonitoj the 
saturated alluvium downgradient of Trench B (Figure 7-6). This well will be installed in the most 
eastward boring at Trench B, immediately east of the trench. An additional alluvial well will be installed 
downgradient and immediately to the north of the eastern Trench C (Figure 7-6). If the alluvium is dry, 
and the bedrock consists of sandstone, then the wells will be installed in the saturated portion of the 
sandstone. If a subcropping sandstone is encountered and the alluvium is saturated, a well pair will be 
installed. If the alluvium is dry and a subcropping sandstone is not encountered, it may be necessary 
to relocate the wells or possibly install a vadose zone sampling device such as the BAT sampler to 
characterize the contaminant plumes in zones of limited water. These wells will be installed according 
to the procedures described in SOP GT.6, developed according to SOP GW.2 and sampled according 
to SOPS GW.5 and GW.6 following development. Results of sampling will be reported in the Phase I 
RI Report. These wells will be sampled on a quarterly basis for a minimum of one year. 

7.2.7 IHSS 167 - North, Pond, and South Area Spray Fields 

Stage 1 - Review Aerial Photographs 

Aerial photographs from 1988 will be reviewed td evaluate the location and extent of the north, south, 
and pond area spray fields (Table 7-8). The sampling program proposed in Stage 2 may be modified 
if the sizes of these IHSSs are modified. 
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Stage 2 - Surface Soil Samples, Soil Borings, Sediment and Surface Water Sampling 

Surface soil samples will be collected to a depth of 2 inches on a 100-foot grid over the areas of the 
spray fields as estimated from the aerial photo review conducted in Stage 1 (Figure 7-6). Surface soil 
samples will be collected according to SOP GT.8. Soil borings will be drilled to a depth of 4 feet on the 
same 100-foot grid according to SOP GT.2. Samples will be taken continuously and will be composited 
from each 2-foot interval. The analytical program for these samples is described in Subsection 7.3. 

During sampling a soil classification survey will be completed at the Spray Fields for use in the 
Environmental Evaluation. Several samples may also be collected from 0 to 2 feet for grain size 
analysis. 

Two stream sediment samples will be collected in the drainage just downslope of the North and South 
Area Spray Fields (IHSSs 167.1 and 167.3). These samples will be collected within the stream at points 
that are conducive to the collection of sediment (Figures 7-4 and 7-6). The sample at each location will 
consist of 2-foot composite samples taken to the depth of the first gravel layer below the sediment. The 
samples will be collected according to SOP SW.6 and the SOPA to SOP SW.6. 

One additional surface water station will be located on the intermittent stream north and downgradient 
of IHSS 167.3 (Figure 7-6). An additional surface water station is not necessary downgradient of the 
North Area Spray Field because site-wide surface water station SW-96 already exists. Samples will be 
collected according to SOPs SW.1, SW.2 and SW.8. The analytical program for these samples is 
described in Subsection 7.3. 

Stage 3 - Monitoring Wells 

Two monitoring wells will be installed immediately downgradient of the North Area and South Area spray 
fields to monitor the saturated alluvium (Figure 7-6). Existing alluvial monitoring well 8206789 already 
characterizes the groundwater downgradient of the Pond Area Spray Field. These wells will be located 
within the surface drainages that flow toward North Walnut Creek. It is possible due to the limited 
saturated thickness of the alluvium that there may be locations where there is no water or times of the 
year when the saturated thickness is zero. If this is the case, it may be necessary to relocate the wells 
or possibly install a vadose zone sampling device such as the BAT sampler to characterize the 
contaminant plumes in zones of limited water. The wells will be drilled according to SOP GT.2 and 
installed according to SOP GT.6 with the screen located in the alluvium just above the weathered 
bedrock. If a water bearing sandstone unit is found to be the first bedrock unit underlying the alluvium, 
an additional well will be completed in the weathered sandstone unit at that location. The wells will be 
developed according to SOP GW.2 and sampled according to SOPs GW.5 and GW.6 following 
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development. The results of the first round of sampling will be reported in the Phase I RI Report. The 
wells will be sampled on a quarterly basis for a minimum of one year. 

7.2.8 IHSS 216.1 - East Area Spray Field 

Stage 1 - Historical Data 

As specified in the IAG, historical information regarding the use of the East Spray Field (IHSS 216.1) will 
be obtained and submitted to the EPA and CDH. The preliminary review of historical data performed 
for this work plan indicated that the East Spray Field only operated during 1989 and received water 
from Pond 8-3 (see Section 2.0). Analyses of the Pond 8-3 surface water from 1989 indicates that fairly 
low concentrations of radionuclides, metals, and organics were present. 

Stage 2 - Surface Soil Samples and Soil Borings 

Surface soil samples will be collected to a depth of 2 inches on a 200-foot grid over the entire site 
Fable 7-9 and Figure 7-3). Samples will be collected according to SOP 3.8. In addition, soil borings 
will be located on the same 200-foot grid as the surface soil samples. The borings will be drilled to a 
depth of 4 feet according to SOP GT.8. Samples will be taken continuously and will be composited 
from each 2-foot interval. The analytical program for these soil samples is described in Subsection 
7.3.2. If contamination is noted, an alluvial groundwater monitoring well may be necessary to 
characterize the groundwater downgradient of the East Area Spray Field. 

7.2.9 Ambient Air Monitoring Program 

Three Hi-Vol air sampling devices will be installed near the North and South Walnut Creek drainages to 
monitor the air pathway from Operable Unit No. 6 (Figure 7-4). One will be located approximately 
1,000 feet south of Pond 8-4 (IHSS 142.8). The second air monitoring station will be placed 
approximately 1,000 feet south of Pond 8-5 (IHSS 142.9) and the third will be located about 300 feet 
east of Pond B-5. 

The data obtained from these stations, as well as the existing nearby air stations, will be used to 
evaluate the radioactive ambient emissions from this area. There are currently seven air monitoring 
stations (S-3, S-4, S-6, S-21, S-22, S-24, and S-36) near North and South Walnut creek drainages 
(Figures 7-4 and 7-7). The three proposed monitoring stations will be sampled in accordance with the 
Site-Wide Ambient Air Monitoring Program currently being conducted by EG&G at the Rocky Flats Plant. 
Data from the site-wide program stations that are in the area of OU 6 are tabulated in Appendix G. The 

. 
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Figure 7 -7 : Onsite and Perimeter Air Sampler Locations 
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data represent plutonium concentrations collected from the samplers on a monthly basis from 1986 
through 1990. The concentrations are within the range found throughout Rocky Flats. The operation 
and sampling procedures are briefly described below. 

Air coming in contact with the Hi-Vol Ambient Air samples is forced through a filter material, trapping 
radioactive particulates and other airborne matter for subsequent analysis. Performance data from these 
RAAMP air samplers are collected by Environmental Monitoring and Assessment Technologists (EMAT) 
on a weekly basis, and air filters are replaced every 2 weeks. Once a month, the two filters collected 
from each air monitoring station are composited, and one sample from each air monitoring station is 
sent to Radiological Health Labs (Building 123) at the Plant for analysis. Detailed procedures describing 
the air sampler operations, filter exchange, filter preparation for analysis, RAAMP documentation, and 
reporting requirements are contained in SOP AP.13. These air samples will be analyzed according to 
the procedures outlined in the General Radiochemistry and Routine Analytical Services Protocol 
(GRRASP). The samples will be analyzed for plutonium, the same analyte as is analyzed in the site-wide 
program . The analytical program for the site-wide Ambient Air Program is expected to be expanded 
in the near future to include other radionuclides, at which time the analytical program for the three 
proposed OU6 air stations will also be increased. 

7.3 SAMPLE ANALYSIS 

This section describes the sample handling procedures and analytical program for samples collected 
during the Phase I investigation. This section discusses sample designations, analytical requirements, 
sample containers and preservation, and sample handling and documentation. 

7.3.1 Sample Designations 

All sample designations generated for this RFI/RI will conform to the input requirements of the Rocky 
Flats Environmental Database System (RFEDS). Each sample designation will contain a nine-character 
sample number consisting of atwo-letter prefix identifying the media sampled (e.g., " S B  for soil borings, 
"SS" for stream sediments), a unique fivedigit number, and a two-letter suffix identifying the contractor 
(e.g., "WC" for Woodward-Clyde). One sample number will be required for each sample generated, 
including QA/QC samples. In this manner, 99,999 unique sample numbers are available for each 
contractor that contributes sample data to the database. A block of numbers will be reserved for the 
Phase I RFIIRI sampling of OU6. Boring numbers will be developed independently of the sample 
number for a given boring. Specific sample location numbers are not assigned at this time, pending 
the results of the aerial photograph analysis and 'review of existing data. 
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7.3.2 Analytical Requirements 

Generally, samples from the Phase I RI will be analyzed for some or all of the following chemical and 
radionuclide parameters: 

Nitrate 
Target Analyte List (TAL) metals 
Uranium 233/234, 235 and 238 
Transuranic elements (plutonium and americium) 
Cesium 137 and strontium 89/90 
Gross alpha and gross beta 
Tritium 
Total Dissolved Chromium (water only) 
Total organic carbon (TOC) 
Targeted Compound List (TCL) volatile organics 
TCL semivolatile organics 
TCL pesticides/PCBs 

0 CO,, HCO,, CI, SO,, NO, (water only) 

The specific analytes in the groups listed above and their detection/quantitation limits are contained in 
Table 7-10. The specific Phase I analytical programs for each IHSS are contained in Table 7-1 1. Both 
filtered and unfiltered samples, surface water and groundwater samples will be analyzed at each 
location. 

The analytical program for each media at every IHSS is summarized in Table 7-1 1. This analytical 
program for each IHSS was developed in the IAG based on the type of waste suspected to be present 
at each site. The specific analytes and detection/quantitation limit are specified in the IAG by reference 
to CLP (Contract Laboratory Program) analyses. The GRRASP (EG&G 1990d) provides a listing of CLP 
analytes and limits that will be used for this Phase I RFI/RI. These analytes and limits are presented in 
Table 7-10. The program shown in Table 7-1 1 should address the bulk of chemicals and compounds 
that were handled or suspected to be present at OU6 and enable detection of soil, sediment, surface 
water, and groundwater contamination, if present. Nitrates are included because low-level radioactive 
wastes with high nitrate concentrations may be present in Walnut Creek. Metals were handled at OU6; 
however, details are not well known. Therefore, all of the TAL metals plus other metals known to have 
been found on site have been selected for Phase I analysis. 

Uranium is likely to have been a constituent of the wastes at OU6. The isotopes U-233, U-234, U-235 
and U-238 have been selected for analysis in Phase 1. Plutonium is the only transuranic element that 
is used on the site. However, americium is a daughter product of plutonium and is found at the Rocky 
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TABLE 7-10 

PHASE I 
SOIL, SEDIMENT, AND WATER SAMPLING PARAMETERS 

AND DETECTION LIMITS 

TARGET ANALYTE LIST - METALS 
Aluminum 
Antimony 
Arsenic 
Barium 
Ber-yllium 
Cadmium 
Calcium 
Cesium 
Chromium 
Cobalt 
Copper 
Cyan id e 
Iron 
Lead 
Lithium 
Magnesium 
Manganese 
Mercury 
Molybdenum 
Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Strontium 
Thallium 
Tin 
Vanadium 
Zinc 

TOTAL ORGANIC CARBON 

TARGET COMPOUNDS LIST - VOLATILES 
Chloromethane 
Bromomethane 
Vinyl Chloride 
Chloroethane 
Methylene Chloride 
Acetone 
Carbon Disulfide 
1,l -Dichloroethene 
1,l -Dichloroethane e 
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DETECTION LIMITS* 

Water ba/Q 
200 
60 
10 
200 
5 
5 

5000 
1000 
10 
50 
25 
10 
100 
5 

100 
5000 
15 
0.2 
200 
40 
5000 
5 
10 

5000 
200 
10 
200 
50 
20 

Soil/Sediment (ma/kal 
40 
12 
2 

40 
1 .o 
1 .o 
2000 
200 
2.0 
10 
5.0 
10 
20 
1 .o 
20 
2000 
3.0 
0.2 
40 
8.0 
2000 
1 .o 
2.0 
2000 
40 
2.0 
40 

10.0 
4.0 

1 1 

QUANTITATI ON LIMITS* 

Water Ola/11 
10 
10 
10 
10 
5 
10 
5 
5 
5 

Soil /Sediment ba/kq) 
10 
10 
10 
10 
5 
10 
5 
5 ’  
5 
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TABLE 7-10 
(Continued) 

PHASE I 
SOIL, SEDIMENT, AND WATER SAMPLING PARAMETERS 

AN5 DETECTION UMlTS 

TARGET COMPOUNDS LIST - VOLATILES (Continued) 
total 1.2-Dichloroethene 
Chloroform 
1 ,PDichloroethane 
2-Butanone 
1,1,l-Trichloroethane 
Carbon Tetrachloride 
Vinyl Acetate 
Bromodichloromethane 
1,1,2,2-TetrachIoroethane 
1,2-Dichloropropane 
trans-l,3-Dichloropropene 
Trichloroethene 
Dibromochloromethane 
1,1,2-TrichIoroethane 
Benzene 
cis-l,3-Dichloropropene 
Bromoforni 
2-Hexanone 
4-Methyl-2-pentanone 
Tetrachloroethene 
Toluene 
Chlorobenzene 
Ethyl Benzene 
Styrene 

* Total Xylenes 

QUANTITATION LIMITS* 

Water ball) 
5 
5 
5 
10 
5 
5 
10 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 

. 10 
10 
5 
5 
5 
5 
5 

Soil /Sediment h a  /kal 
5 
5 
5 
10 
5 
5 
10 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
10 
10 
5 
5 
5 
5 
5 

QUANTITATION LIMITS* 

TARGET COMPOUNDS LIST - SEMIVOLATILES Water (ua/I\ Soil /Sediment (ua/ka 
Phenol 10 330 
bis(2-Chloroethyl) ether 10 330 
2-Chlorophenol 10 330 
1,3-DichIorobenzene 10 330 
1,4-DichIorobenzene 10 330 
Benzyl Alcohol 10 330 
1,2-DichIorobenzene 10 330 
2-Methylphenol 10 330 
bis(2-Ch1oroisopropyl)ether 10 330 
4-methyl phenol 10 330 
N-Nitrosodi-ndipropylamine 10 330 
Hexachloroethane 10 330 
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TABLE 7-10 
(Continued) 

PHASE I 
SOIL, SEDIMENT, AND WATER SAMPLING PARAMETERS 

AND DETECTION UMITS 

'I'ARGET COMPOUND LIST - SEMIVOLATILES 
(Continued) 

Nitrobenzene 
lsophorone 
2-Nitrophenol 
2,4-Dimethylphenol 
Benzoic Acid 
bis(2-Ch1oroethoxy)methane 
2,4-Dichlorophenol 
1,2,4-TrichIorobenzene 
Naphthalene 
4-Chloroaniline 
Hexachlorobutadiene 
4-Chloro-3-methyl phenol (para-chloro-meta-cresol) 
2-Methylnaphthalene 
Hexachlorocyclopentadiene 
2,4,6-TrichlorophenoI 
2,4,5-TrichlorophenoI 
2-Chloronaphthalene 
2-Nitroaniline 
Dimethyl phthalate 
Acenaphthylene 
2,6-Dinitrotoluene 
3-Nitroaniline 
Acenaphthene 
2,4-Dinitrophenol 
4-Nitrophenol 
Dibenzofuran 
2,4-Dinitrotoluene 
Diethyl phthalate 
4-Chlorophenyl Phenyl ether 
Fluorene 
4-N itroaniline 
4,6-Dinitro-2-methylphenol 
N-nitrosodiphenylamine 
4-B romophenyl P hen ylet her 
Hexachlorobenzene 
Pentachlorophenol 
Phenanthrene 
Anthracene 
Di-n-butylphthalate 
Fluoranthene 
Pyrene 
Butylbenzyl phthalate 

QUANTlTATlON LIMITS* 

Water ha/I) Soil/Sediment (ua/kd 

10 330 
10 330 
to 330 
10 330 
50 1600 
10 330 
10 330 
10 330 
10 330 
10 330 
10 330 
10 330 
10 330 
10 330 
10 330 
50 1600 
10 330 
50 1600 
10 330 
10 330 
10 330 
50 1600 
10 330 
50 1600 
50 1600 
10 330 
10 330 
10 330 
10 330 
10 330 
50 1600 
50 1600 
10 330 
10 330 
10 330 
50 1600 
10 330 
10 330 
10 330 
10 330 
10 330 
10 330 
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TABLE 7-10 
(Continued) 

PHASE I 
SOIL, SEDIMENT, AND WATER SAMPLING PARAMETERS 

AND DETECTION LIMITS 

TARGET COMPOUND UST - SEMIVOLATILES 
(Continued) 

3,3'-Dichlorobenzidine 
Benzo(a)anthracene 
Chrysene 
bis(2-Ethylhexyl)phthalate 
Ci-n-octylphthalate 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Benzo(a) pyrene 
I ndeno(l,2,3-cd) pyrene 
Dibenz(a, h)anthracene 
Benzo(g,h,i)perylene 

Water Ola/I) 

20 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

Soil /Sediment (ua/kal 

660 
330 
330 
330 
330 
330 
330 
330 
330 
330 
330 

TARGET COMPOUND LIST - PESTICIDES/PCBS QUANTITATION LIMITS* 

Water pa /I Soil /Sediment ualkq 

al pha-B H C 
beta-BHC 
delta-BHC 
gamma-BHC (Lindane) 
Heptachlor 
Aldrin 
Heptachlor epoxide 
Endosulfan I 
Dieldrin 

Endrin 
Endosulfan II 

Endosulfan sulfate 

Methoxychlor 
Endrin ketone 
alpha-Chlordane 
gamma-Chlordane 
Toxaphene 
Aroclor-1016 
Aroclor-1221 
Aroclor-1232 
Aroclor-1242 
Aroclor-1248 
Aroclor-1254 

4,4'-DDD 

4,4'-DDD 

4,4'-DDT 

0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.5 
0.10 
0.5 
0.5 
1 .o 
0.5 
0.5 
0.5 
0.5 
0.5 
1 .o 

8.0 
8.0 
8.0 
8.0 
8.0 
8.0 
8.0 
8.0 
16.0 
16.0 
16.0 
16.0 
16.0 
16.0 
16.0 
80.0 
16.0 
80.0 
80.0 
160.0 
80.0 
80.0 
80.0 
80.0 
80.0 
160.0 

Aroclor-1260 1 .o 160.0 
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TABLE 7-10 
(Concluded) 

PHASE I 
SOIL, SEDIMENT, AND WATER SAMPLING PARAMETERS 

AND DETECTION LIMITS 

RADIONUCLIDES 
Gross Alpha 
Gross Beta 
Uranium 233 +234, 235, and 238 (each species) 
Americium 241 
Plutonium 239 + 240 
Tritium 
Cesium 137 
Strontium 89 + 90 

REQUIRED DETECTION LIMITS* 

Water (oCi/P) 
2 
4 

0.6 
0.01 
0.01 
400 

1 
1 

Soil /Sediment (oCi/a) 

10 dry 
0.3 dry 
0.02 dry 
0.03 dry 

400 (pCi/ml) 
0.1 dry 
1 dry 

4 dry 

D ETECTIO N LIMITS* 

Water (ma/9) Parameters Exclusivelv for Groundwater Samdes 

ANIONS 
Carbonate 
Bicarbonate 
Chloride 
Sulfate 
Nitrate as N ‘0 FIELD PARAMETERS 
PH 
Specific Conductance 
Temperature 
Dissolved Oxygen 
Barometric Pressure 

10 
10 
5 
5 
5 

0.1 pH unit 
1 

0.5 

t NDICATORS 
Total Dissolved Solids 5 

Detection and quantitation limits are highly matrix dependent. The limits listed here are the minimum 
achievable under ideal conditions. Actual limits may be higher. 
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Flats Plant. Therefore, plutonium and americium have been selected as Phase I radionuclide 
parameters. Gross alpha and gross beta are included as screening parameters because they are useful 
indicators of radionuclides. Tritium, strontium, and cesium are also included in the analytical program. 

Volatile and semivolatile organics may have been handled at OU6 in small quantities. The specific 
compounds used are unknown; therefore, all of the TCL volatile and semivolatile organics will be 
included in the Phase I analyses. TCL pesticides/PCBs and TOC have been included to provide data 
for the environmental evaluation. 

The analytical parameters for the soil gas survey at IHSS 165 are carbon tetrachloride, trichloroethane 
(TCE), dichloromethane, acetone, 2-butanone, tetrachloroethane (PCE), 1,2dichloroethane (DCA), 
chloroform and toluene. Detection limits proposed for these parameters during the soil gas survey are 
listed in Table 7-12. 

7.3.3 Sample Containers and Preservation 

Sample volume requirements, preservation techniques, holding times, and container material 
requirements are dictated by the media being sampled and by the analyses to be performed. The soil 
matrices to be analyzed will include soils and sediments. The water matrices for analysis will include 
surface water and groundwater. Tables 7-13 and 7-14 list analytical parameters of interest in OU6 for 
water and soil matrices, along with the associated container size, preservatives (chemical and/or 
temperature), and holding times. Additional specific guidance on the appropriate use of containers and 
preservatives is provided in SOP F0.13, Containerizing, Preserving, Handling, and Shipping of Soil and 
Water Samples. 

7.3.4 Sample Handling and Documentation 

Sample control and documentation is necessary to ensure the defensibility of data and to verify the 
quality and quantity of work performed in the field. Accountable documents include logbooks, data 
collection forms, sample labels or tags, chain-of-custody forms, photographs, and analytical records and 
reports. Specific guidance defining the necessary sample control, identification, and chain-of-custody 
documentation is discussed in SOP F0.14. 

7.3.5 Data Reporting Requirements 

Field data will be input into the RFEDS environmental database using a remote data entry module 
supplied by EG&G. Data will be entered on a timely basis and a 3.5-inch diskette will be delivered to 
EG&G. A hard copy report will be generated from the module for contractor use. The data will be put 
through a prescribed QC process based on SOP F0.14 to be generated by EG&G. 

' 
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TABLE 7-12 

PHASE I INVESTIGATION 
SOIL GAS PARAMETERS AND 

PROPOSED DETECTION UMlTS 

IHSS-165 Triangle Area 

~~ 

Volatiles Detection Limit 

methylene cloride 1 PSII 

acetone 1 Pgll 

2-butanone 1 Pgll 

chloroform 1 Pgll 

carbon tetrachloride 1 Pgll 

toluene 1 Pgll 

PCE 1 PgP 

TCE 1 Pgll 

NOTE: Detection limits are a function of the detector type and injection volume. Thus, the detection 
limit may vary. 
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TABLE 7-13 

SAMPLE CONTAINERS, SAMPLE PRESERVATION, 
AND SAMPLE HOLDING TIMES FOR WATER SAMPLES 

Holding 
Parameter Container Preservative Time 

Liauid - Low to Medium Concentration SamDles 

Organic Compounds: 

Purgeable Organics 
(VOCS) teflon lined septum lids 

Extractable Organics 1 x4-Lambef 
(BNAs), Pesticides glass bottle 
and PCBs 

2 x 40-rnL VOA vials with 

Inorganic Compounds: 

Metals (TAL) 1 x 1-1 polyethylene 

I 0 Cyanide 

Anions 

Sulfide 

bottle 
1 x 1-L polyethylene 
bottle 
1 x 1-L polyethylene 
bottles 
1 x 1-L polyethylene 
bottle 

Liauid - Low to Medium Concentration Samoles 

Nitrate 1 x 1-L polyethylene 
bottle 

Total Dissolved 1 x 1-L polyethylene 
So!ids VDS) bottle 
Radionuclides 12 x 1 -L polyethylene 
(Full Suite) bottle 

Cool, 4 o c "  

Cool, 4OC 
with HCI to pH<2 

Nitric acid 
pH<2; Cool, 4OC 
Sodium hydroxided 
pH>12; Cool, 4OC 
Cool, 4OC 

1 mL-zinc acetate 
sodium hydroxide to 
pH>9; Cool, 4OC 

Cool, 4% 

Cool, 4oc 

Nitric acid 
pH<2 

7 days 
14 days 
7 days until 
extraction, 
40 days after 
extraction 

180 days" 

14 days 

14 days 

' 7  days 

48 hours 

48 hours 

180 days 

Add 0.008% sodium thiosulfate (Na,$O,) in the presence of residual chlorine 

' Container requirement is for any or all of the parameten given. 

Holding time for mercury is 28 days. 

' Use ascorbic acid only if the sample contains residual chlorine. Test a drop of sample with potassium iodine-starch test paper; 
a blue color indicates need for treatment. Add ascorbic acid, a few crystals at a t h e ,  until a drop of sample produces no color 
on the indicator paper. Then add an additional 0.6g of asmrbic acid for each L of sample volume. 

0 
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TABLE 7-14 

SAMPLE CONTAINERS , SAMPLE PRESERVATION , 
AND SAMPLE HOLDING TIMES FOR SOIL SAMPLES 

Holding 
Parameter Container Preservative Time 

Soil or Sediment SamDles - Low to Medium Concentration 

Organic Compounds: 

Purgeable Organics 
W C s )  

Extractable Organics 
(BNAs), Pesticides 
and PCBs 

Inorganic Compounds: 

Metals VAL) 

Cyanide 

Sulfide 

Nit rate 

Radionuclides 

1 x 4-02 wide-mouth 
teflon lined glass vials 

Cool, 4OC 

1 x 8-02 wide-mouth 
teflon lined glass vials 

Cool, 4OC 

1 x 8-02 wide-mouth 
glass jar 

1 x 8-02 wide-mouth 
glass jar 

1 x 8-02 wide-mouth 
glass jar 

1 x 8-02 wide-mouth 
glass jar 

1 x 1-L wide-mouth 
glass jar 

'Holding time for mercury is 28 days. 
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Cool, 4OC 

Cool, 4oc  

Cool, 4OC 

Cool, 4OC 

None 

14 days 

7 days until 
extraction, 
40 days after 
extraction 

180 days' 

14 days 

28 days 

48 hours 

45 days 
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A sample tracking spreadsheet will be maintained by the contractor for use in tracking sample collection 
and shipment. EG&G will supply the spreadsheet format and will stipulate the timely reporting of the 
information. This data will also be delivered to EG&G on 3.5-inch diskettes. Computer hardware and 
software requirements for contractors using government supplied equipment will be supplied by EG&G. 
Computer and data security will also follow acceptable procedures outlined by EG&G. 

7.4 FIELD QC PROCEDURES 

Sample duplicates, field preservation blanks, and equipment rinsate blanks will be prepared. Trip blanks 
will be obtained from the laboratory. The analytical results obtained for these samples will be used by 
the ER Project Manager to assess the quality of the field sampling effort. The types of field QC 
samples to be collected and their applications are discussed below. The frequency for QC samples to 
be collected and analyzed is provided in Table 7-15. 

Duplicate samples will be collected by the sampling team and will be used as a measure of the precision 
of the sample collection process. These samples will be collected at the same time, using the same 
procedures, the same equipment, and in the same types of containers as required for the samples. 
They will also be preserved in the same manner and submitted for the same analyses as required for 
the samples. 

Field preservation blanks of distilled water, preserved according to the preservation requirements 
(Subsection 7.3.3), will be prepared by the sampling team and will be used to provide an indication of 
any contamination introduced during field sample preparation technique. As indicated by Table 7-15, 
these QC samples are applicable only to samples requiring chemical preservation. 

Equipment (rinsate) blanks will be collected from final decontamination rinsate to evaluate the success 
of the field sampling team’s decontamination eff otts on nondedicated sampling equipment. Equipment 
blanks are obtained by rinsing cleaned equipment with distilled water prior to sample collection. The 
rinsate is collected and placed in the appropriate sample containers. Equipment rinsate blanks are 
applicable to all analyses for water and soil samples as indicated in Table 7-15. 

Trip blanks consisting of deionized water will be prepared by the laboratory technician and will 
accompany each shipment of water samples for volatile organic analysis. Trip blanks will be stored with 
the group of samples with which they are associated. Analysis of the trip blank will indicate migration 
of volatile organics or any problems associated with the shipment, handling, or storage of the samples. 

Procedures for monitoring field QC are given in the site-wide Quality Assurance Project Plan (QAPjP). 
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TABLE 7-15 

FIELD QC SAMPLE FREQUENCY 

Media 
Sample Type Type of Analysis 

Solids Liquids 

Duplicates Organics 
lnorganics 
Radionuclides 

Field Preservation Blanks Organics 
lnorganics 
Radionuclides 

lnorganics 
Radionuclides 

Equipment Blanks Organics 

1/10 
1/10 
1/10 

NA 
NA 
NA 

1/20 
1/20 
1/20 

Trip Blanks Organics (Volatiles) NR 
lnorganics NR 
Radionuclides NR 

1/10 
1/10 
1/10 

1 /20 
1/20 

1/20 
1 /20 
1 /20 

1/20 

NA 

NR 
NR 

NA = Not Applicable 
NR = Not Required 
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EG&G ROCKY FIATS PLANT 
RFI/RI Work Plan for OU 6 

Manual No.: 

Section: 
Effective Date: 
Organization: 

21 loo-wP-ou6.01 

8.0, Rev 0 

Environmental Management 
06/01 192 

BASELINE HEALTH RISK ASSESSMENT PIAN 

8.0 

BASELINE HEALTH RISK ASSESSMENT PIAN 

8.1 OVERVIEW 

A baseline health risk assessment will be prepared for Operable Unit Number 6 (OU6) as part of the 
Phase I RCRA Facility Investigation (RFI)/Remedial Investigation (RI) report. Both a human health 
evaluation and an environmental evaluation will be performed. This section describes the human health 
risk assessment. The environmental risk assessment is described in Section 9.0 of this Work Plan. 

The purpose of the Phase I baseline risk assessment is to provide an estimate of potential health risks 
that may result from releases of hazardous substances from OU6 in the absence of any remedial action. 
Risks will be calculated for both on-site and off-site exposures to contaminants released and/or 
transported from the Individual Hazardous Substance Sites (IHSSs), using available data as well as data 
collected during the Phase I investigation of the unit. 

The purpose of the baseline risk assessment is to provide information useful in determining the following, 
as described in the National Contingency Plan: 

0 A determination of whether the contaminants of concern identified at the site pose a 

A determination of whether remedial action is necessary at IHSSs within the unit, and 

A justification for performing remedial actions 

current or potential risk to human health in the absence of any remedial action 

an identification of the media needing remediation 

0 

0 

This assessment will follow the guidance provided by the Environmental Protection Agency. It will also 
make use of additional information and methods that will facilitate interpretation of the results of the risk 
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assessment. EPA publications that will be consulted when performing the health risk assessment 
include the following: 

0 Risk Assessment Guidance for SuDerfund. Volume I. Human Health Evaluation Manual 
(m. Interim Final. 1989. EPA/540/1-89/002. 

0 Guidance for Conductina Remedial lnvestiaations and Feasibilitv Studies Under 

CERCLA. Interim Final. 1988. 
0 SuDerfund ExDosure Assessment Manual. 1988. EPA/540/1-88/001. 
0 ExPosure Factors Handbook. 1989. EPA/600/8-89/043. 
0 Guidance for Data Useabilitv in Risk Assessment. Interim Final. 1990. EPA/540/ 

G -90 /008. 

These documents constitute the most recent and appropriate EPA guidance on public health risk 
assessment. It must be emphasized that EPA manuals are guidelines only and that EPA states that 
considerable professional judgment must be used in their application. This risk assessment will focus 
on producing a realistic analysis of exposure and health risk. 

The risk assessment will be accomplished in five general tasks: Task 1 - Identification of Contaminants 
of Concern, Task 2 - Exposure Assessment, Task 3 - Toxicity Assessment, Task 4 - Uncertainty Analysis, 
and Task 5 - Risk Characterization. Each of these tasks are described below. 

A separate risk assessment will be performed on each IHSS to the extent appropriate for the IHSS. Due 
to the separated locations, varied historical practices, and different contamination profiles, the IHSSs 
should receive individualized treatment. This IHSS-specific analysis will allow the identification of the 
most important contributors to the risk from the operable unit, and it will permit sufficient attention to 
be paid to contaminants that may be important at one IHSS but not at another. IHSSs that do not 
contribute significant risks can then be identified so that efforts may be aimed at further analysis of the 
significant sources of risk. 

Four technical memoranda submitted to the agencies will also be part of the risk assessment program 
for OU6. These technical memoranda will deal with: (1) selection of indicator chemicals, (2) fate and 
transport model selection, (3) selection of exposure scenarios and associated assumptions and 
(4) identification of toxicology information to be used in the risk assessment. EPA and CDH review and 
approval of this series of technical memoranda should result in the agencies participation in the risk 
assessment process. 
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8.2 TASK 1 - IDENTIFICATION OF CONTAMINANTS OF CONCERN 

Contaminants of concern includes chemicals and other constituents, such as metals or radionuclides, 
that are identified at the unit. They are the contaminants that are evaluated in the baseline risk 
assessment. A two-step process will be used to identify contaminants of concern. First, an initial list 
of contaminants of potential concern are selected on the basis of the following criteria: 

0 They are identified in one or more samples at the IHSS. 
They are related to activities at the IHSS; they are potentially released from an identified 

They are recognized or suspected toxicants or carcinogens. 
They are present in significant concentrations (above background). 

0 

source in the IHSS. 
0 

0 

Contaminants of potential concern will be selected following evaluation of available historical and 
background sampling results and the results of the Phase I field sampling proposed for OU6. Existing 
background data will be used to help identify contaminants that are background constituents in the 
environment and that are therefore not IHSS-related. Background information is expected to be 
available from ongoing studies including the "Background Geochemical Characterization Report, Rocky 
Flats Plant." (EG&G 1990~). 

Available historical data on chemical and radionuclide concentrations in groundwater, surface water, 
sediments, soils and air near OU6 will be used in conjunction with the results of the Phase I field 
sampling program to identify IHSS-related chemicals of concern. 

Existing analytical results taken from other sources will be accepted as suitable for risk assessment 
purposes. The sampling and analytical program for the Phase I investigation of OU6 is described in 
Section 7.0 of this Work Plan. The sampling program is designed to address all potential exposure 
pathways (groundwater, surface water, sediments, and soils) to the extent that they can be anticipated. 
Samples and analytical results obtained as part of the Phase I investigation will be collected and 
validated according to the Quality Assurance (QA)/Quality Control (QC) procedures described in that 
section. Only data validated as suitable for risk assessment purposes will be used in the risk 
assessment. 

Tentatively Identified Compounds (TICS) will be evaluated to determine if they should be included in the 
risk assessment. If there are few of them in comparison to the Target Analyte List (TAL), they are 
normally omitted in accordance with EPA guidanbe. 

The second step in the identification process will be followed if the number of chemicals of potential 
concern is high. In that case, the list may be further reduced to focus on the chemicals that pose the 
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greatest risks at the site. Carrying a very large number of chemicals through a quantitative risk 
assessment can be unwieldy, time-consuming, and may obscure the dominant risks at the site. The 
rationale for selecting a final list of chemicals of concern will be presented in the text and will be based 
on the following criteria: 

historical information 
concentration, toxicity, and known synergistic effects 
mobility, persistence, and bioaccumulation 
special exposure routes 
treatability 
Applicable or Relevant and Appropriate Requirements (ARARs) 
chemical class 
frequency of detection (hits/samples) 
evaluation of essential nutrients 
concentration relative to background levels (natural or anthropogenic) 
potential for being a laboratory contaminant . 

The results of data collection and evaluation and selection of chemicals of concern will be summarized 
in the text and appropriate tables. 

8.3 TASK 2 - EXPOSURE ASSESSMENT 

The objective of the exposure assessment is to identify human populations (receptors) that might be 
exposed to chemical releases from the IHSSs and to estimate the temporal variation and magnitude of 
their exposure. The exposure assessment involves identifying potential receptors, identifying all 
potential pathways of exposure, estimating exposure point concentrations of chemicals of concern 
based on monitoring data and modeling results, and estimating the intake of each chemical for each 
pathway. The results of the exposure assessment are pathway-specific chemical intakes, expressed as 
mg chemical/kg body weight/day, by potentially exposed receptor populations. Exposure to 
radioisotopes will be expressed as activity of intake for internal exposure or as activity in environmental 
media for external exposure. 

Conceptual models of the IHSSs will be formulated and refined based on data collected to integrate the 
components of the exposure assessment and clarify the pathways to be considered. 

8.3.1 Potential Receptors 

The exposure scenarios that will be developed in the baseline risk assessment may include exposure 
of potential future receptors to contaminated media within OU6 as well as exposure of off-site receptors 
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to potentially contaminated groundwater, surface water, and airborne soil particulates. The exact 
exposure scenarios to be considered will be selected according to policy decisions regarding future use 
(e.g., residential, recreational, restricted access) of the site that may be made prior to the completion 
of the risk assessment. An assessment of potentially exposed populations will be conducted to assess 
the likelihood of a complete pathway, population characteristics and to estimate the number of humans 
potentially exposed. Current and proposed population dynamics will be identified and evaluated in the 
exposure assessment. This information will be integrated into the risk characterization. 

8.3.2 Exposure Pathways 

Identification of exposure pathways involves linking the source of chemical release, an environmental 
transport mechanism, a point of human exposure, and a mechanism of human uptake. Sources of 
chemical release will be sites within OU6 that contain contaminants of concern. Mechanisms of release 
can include leaching of chemicals from soils into groundwater or surface runoff, airborne transport of 
contaminated soil particulates, volatilization of organic compounds, or release of radioactive particles. 
Points of human exposure will be identified during the site characterization. These may include-sites 
within the operating unit as well as off-site locations where contaminants may be transported. Examples 
of mechanisms of human uptake are dermal contact with contaminated media, inhalation of volatile 
organics or particulates, and ingestion of soils or water. 

Only complete exposure pathways will be evaluated in the risk assessment. If any one of the elements 
of an exposure pathway (chemical source and release, environmental transport mechanism, exposure 
point, or uptake) is missing, the exposure pathway is considered incomplete and will not be addressed 
in the assessment. 

8.3.3 Exposure Point Concentrations 

Exposure point concentrations of contaminants of concern will be estimated using analytical results of 
the sample program described elsewhere in this Work Plan and available relevant historical data. 
Release and transport of chemicals in environmental media may be modeled using basic analytical 
models recommended by EPA or the best model available, as determined by a model performance 
evaluation. The models will be calibrated to improve performance using site-specific parameters when 
possible. 

Model outputs will be characterized by estimating variance through an uncertainty analysis to the extent 
required by the overall risk uncertainty analysis. Effort will be made to reduce the variance of model 
output: the optimal target for model variance is that it be similar to other sources of variability in the risk 
assessment, including exposure factors and toxicity values. 
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Concentrations will also be estimated for "average" and "reasonable maximum" exposure conditions at 
a minimum. When feasible, a goodness-of-fit analysis will be conducted to correctly identify the 
distribution of the data and the most appropriate measure of central tendency. The reasonable 
maximum concentration will be the upper 95 percent confidence limit on the appropriate mean or 
maximum likelihood estimate. In calculating the media concentrations, censored data (data sets with 
missing values, nondetects, etc.) will be treated by appropriate methods such as those described in 
Gilbert, 1987 (Statistical methods for environmental pollution monitoring, Van Nostrand Reinhdd). 

8.3.4 Estimation of Intake 

Human intakes of contaminants of concern will be estimated using reasonable estimates of exposure 
parameters. EPA guidance, site-specific factors, and professional judgment will be applied in 
establishing exposure assumptions. Using reasonable values permits estimating risks associated with 
the assumed exposure conditions that do not underestimate actual risk. The estimate of intake is the 
"intake factor," which may then be mathematically combined with the exposure point concentrations and 
the critical toxicity values to determine cancer risks and hazard indices. 

8.4 TASK 3 - TOXICITY ASSESSMENT 

The toxicity assessment is conducted to characterize the evidence regarding the potential for a 
contaminants of concern to cause adverse effects in exposed populations and, where possible, to 
estimate the relationship between the extent of exposure and the extent of adverse effects (Le., dose- 
response relationship). The toxicity assessment evaluates: 

0 The evidence for toxic effects of the chemical 
The nature of the dose-response relationship 
The level of uncertainty in the dose-response relationship 
The primary target organs or mechanism of action for each compound of concern 
The applicability of the toxicologic data to the identified exposure scenarios 

0 

0 

0 

Sources of toxicity factors (cancer slope factors and reference doses) used in assessing health risks due 
to exposure to organic compounds, metals, and radionuclides include EPA's Integrated Risk Information 
System (IRIS) and the most current volume of EPAs Health Effects Assessment Summary Tables. Other 
sources in the public domain, such as the National Research Council's reports on the Biological Effects 
of Ionizing Radiation, reports IV and V, and EPAs Background Information Document, Draft E/S for 
Proposed National Emission Standards for Hazardous Air Pollutants (NESHAPS) for Radionuclides, will 
be consulted as appropriate. New toxicity data and analyses of the health risks of contaminants of 
concern will be considered as they become available in the literature. No new experimental 
toxicological data will be developed. 

. 
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The toxicity assessment will include a discussion of the uncertainties inherent in the development and 
application of toxicity factors. The text will include a discussion of the EPA weight-of-evidence 
classification for carcinogens, the conservatism inherent in applying upper 95th percentile cancer slope 
factors, the uncertainty factors used in deriving reference doses, and other uncertainties involved in 
predicting human responses. 

In addition, those contaminants that present the greatest risk at the site will receive additional 
toxicological analysis to more fully describe the potential range of appropriate critical toxicity values 
based on such considerations as mechanism of carcinogenesis, the validity of toxicity endpoints used 
to deriie the RfD, or pharmakokinetic information that may provide insight on extrapolation from one 
species to another. 

8.5 TASK 4 - QUALITATIVE AND QUANTITATIVE UNCERTAINTY ANALYSIS 

Presentation of uncertainties and limitations of the risk analysis is an integral part of the risk assessment 
process. Usually, uncertainty is discussed after the risk characterization has been completed. However, 
in this risk assessment, the uncertainty analysis will provide substantial input into the risk 
characterization process. 

Uncertainties exist primarily in the estimation and modeling of exposure point concentrations, the 
estimation of human exposures, and the use of toxicology data based on animal studies. These 
uncertainties will be described qualitatively to provide an understanding of the issues. In addition, a 
detailed quantitative analysis of the uncertainty will be presented to the extent practicable. 

Several methods are available for quantitative analysis. The uncertainty analysis will be performed to 
quantify, to the extent practicable, the sources and magnitude of uncertainty in the baseline risk 
assessment. Quantitative techniques may include: sensitivity analysis, first-order analysis, or numerical 
methods such as stratified Monte Carlo sampling. The outputs will be described and interpreted in the 
text. This will inform the risk manager of the sufficiency of the baseline risk assessment given the level 
of site characterization at the conclusion of Phase I, the degree of confidence that is appropriate for the 
risk estimates, and a basis for further remedial activities at the site. 

8.6 TASK 5 - RISK CHARACTERIZATION 

Risk characterization integrates the toxicity factors for the contaminants of concern with the estimated 
chemical intakes and radiation exposures under the assumed exposure conditions to yield protective 
estimates of carcinogenic and noncarcinogenic health risks. The IHSS conceptual models will be 
consulted again at this point to determine realistic combinations of exposure pathways as well as 
maximum likelihood/reasonable maximum estimates for those pathways. Risks to receptors associated 
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with different chemicals and exposure routes will be summed across exposure pathways that are likely 
to occur simultaneously in order to estimate total noncarcinogenic and carcinogenic risk from chemicals 
and radioisotopes. When toxicants with known mechanism of action or target organ specificity in 
humans can be identified, their hazards will be segregated and considered separately. 

The results of the risk characterization for average, reasonable maximum, and reasonable minimum 
exposure conditions as determined by the uncertainty analysis will be summarized in tables and 
discussed in the text. The risk characterization will therefore be an unbiased estimate of risks upon 
which risk management decisions may be based. Populations that may be affected by the real or 
potential risks will be identified to the extent that is possible. These results will be discussed in the 
context of the output from the uncertainty analysis described above. This information will allow the risk 
manager to make a more informed decision on a final deterministic cleanup value. 
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9.0 

ENVIRONMENTAL EVALUATION PIAN 

9.1 INTRODUCTION 

The objective of this Environmental Evaluation Plan is to provide a framework for addressing and 
quantifying the ecological effects to the biotic environment (plants, animals, microorganisms) from 
exposure to contaminants resulting from IHSSs within the Walnut Creek Drainage, Operable Unit (OU) 
6. An ecosystem approach will be used as the basis for this environmental evaluation to ensure that 
ecological effects or endpoints (e.g. structural diversity, biomass, phenology, nutrient cycling, trophic 
structure) are addressed as well as populations and individuals that are more traditionally evaluated in 
a risk assessment approach (U.S. EPA 1989e). The ecosystem approach is comprehensive in that it 
initially addresses all ecosystem components, then progressively focuses on those aspects of the system 
potentially affected by contamination. The result of this process will be an evaluation of the nature and 
extent of contamination in biota, its relationship to abiotic sources, and the type and extent of adverse 
effects at the ecosystem, population, and individual levels of organization, as appropriate. 

This plan is prepared in conformance with the requirements of current applicable legislation, including 
the Comprehensive Environmental Response, Compensation and Liability Act (CERCIA), as amended 
by the Superfund Amendments and Reauthorization Act (SARA), and follows the guidance for such 
studies as provided in the National Oil and Hazardous Substances Pollution Contingency Plan (NCP) 
and Environmental Protection Agency (EPA) documents for the conduct of Resource Conservation and 
Recovery Act (RCRA) Facility Investigation/Remedial Investigation (RFI/RI) activities. Specifically, the 
EPA guidance provided in Risk Assessment Guidance for SuDerfund, Vol. 11. Environmental Evaluation 
Manual (U.S. EPA 1989e) is followed. Although a formal Natural Resource Damage Assessment 
(NRDA) process has not been initiated at Rocky Flats as of this time, this work plan was also designed 
to be consistent with the NRDA process to the maximum extent possible. 
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Determination of the effects on biota will be performed in conjunction with the human health risk 
assessment for OU6. Where appropriate, criteria necessary for performing the environmental evaluation 
will be developed in conjunction with human health risk assessments and environmental evaluations for 
all Rocky Flats Plant OUs. Information from the environmental evaluation will assist in determining the 
form, feasibility, and extent of remediation necessary for Walnut Creek Drainage in accordance with 
CERCIA. 

During preparation of this work plan, several documents were reviewed as part of an assessment of 
available information. These included the Final Environmental Impact Statement (EIS), Rocky Flats Plant 
(U.S. DOE 1980); Wetlands Assessment (EG&G 1990h); and the Draft Environmental Evaluation Work 
Plan for OU2 (in RFI/RI Alluvial Work Plan, EG&G 1991 b) among others. Literature reviews will continue 
throughout the environmental evaluation. Review of this Draft Phase I RFI/RI Work Plan for OU6 and 
the Environmental Evaluation Work Plan for OU2 (EG&G 1991 b) formed the basis for the establishment 
of the initial sampling locations presented in the OU6 Environmental Evaluation Field Sampling Plan 
(Subsection 9.3). 

9.1.1 Approach 

This plan presents a comprehensive approach to conducting the environmental evaluation at Walnut 
Creek Drainage. This comprehensive approach is designed to ensure that all procedures to be 
performed are appropriate, necessary, and sufficient to adequately characterize the nature and extent 
of environmental effects to biota under the "no action" scenario. The approach presented in this plan 
is adapted from the toxicity-based approach to the assessment of ecosystem effects (U.S. EPA 1989d, 
1989e). The approach is based on standard risk assessment concepts whereby uncertainties 
concerning potential ecosystem effects are explicitly recognized and, where possible, quantified. The 
planned approach is also based, to the greatest extent possible, on providing objective estimates of 
ecological damage and the establishing a firm, causal relationship between contamination and 
ecological effects. To establish this relationship, the Work Plan focuses on the obtainment of three types 
of information: 

a 

Chemical - Chemical analyses of appropriate media to establish the presence, 
concentrations, and variabilities of specific toxic compounds. This 
effort will be conducted under the RFI/RI abiotic sampling program. 

Ecological - Ecological surveys to characterize the condition of existing 
communities and establish whether any adverse effects have occurred. 

0 Toxicological - Toxicological and ecotoxicological testing to establish the link between 
adverse ecological effects and known contamination. . 
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Without these three types of data, other potential causes of the observed effects on ecosystems 
unrelated to the presence of contamination, such as habitat alterations and natural variibility, cannot 
be eliminated. 

The ecological assessment scheme adopted for this project blends standard environmental and risk 
assessment methods with ecological and toxicological modeling to produce an integrated procedure 
for selecting contaminants of concern and indicator species, and for conducting an investigation of 
ecosystem effects resulting from contamination. As is recornmended by EPA, this environmental 
evaluation is not intended to be or to develop into a research-oriented project. The plan presented 
herein is designed to provide a focused investigation of potential contaminant effects on biota. 

Each task of the environmental evaluation will be coordinated with RFI/RI activities at nearby OUs in 
order to avoid unnecessary duplication of effort and resources. Environmental evaluation planning is 
currently underway at six OUs in close proximity to OU6; i.e., OU2 (903 Pad, Mound, and East Trenches 
Area); OU4 (Solar Ponds); OU7 (Present Landfill); OUlO (Other Outside Closures); OU11 (West Spray 
Field); and OU13 (100 Area). A coordinated approach with these OUs is necessary in order to account 
for contaminant migration into OU6. 

The environmental evaluation process has been divided into ten tasks. These tasks and their 
interrelationships are shown on Figure 9-1. The following is a brief description of each of these tasks. 
More detailed descriptions of each task are presented in Subsection 9.2. 

Task 1 : Preliminarv Planning 

Task 1 will focus on planning and coordination of the OU6 environmental evaluation with nearby OU 
activities. Task 1 will include a determination of the scope of work and a definition of the study area. 
The Data Quality Objectives (DQO) process will be initiated in Task 1 according to EPA guidance (U.S. 
EPA 1989d, 1989e), and procedures for monitoring and controlling data quality will be specified. Task 
1 activities will also include development of criteria for selection of contaminants of concern, key 
receptor species, and reference areas. 

T ~ t  

Task 2 will include a review, evaluation, and summary of available chemical and ecological data and 
identification of data gaps. Based on these data, contaminants of concern will be identified based on 
their documented effects on key receptor species and/or other ecological endpoints. As part of the 
conceptual biota model development, a food web model will be constructed and preliminary exposure 
pathways will be identified. Results of this task will be used to refine the ecological (Task 3) and 
ecotoxicological (Task 9) field investigation sampling designs. 
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Task 3: Ecoloaical Field lnvestiaation 

Task 3 will include the preliminary field surveys, and an ecological field inventory to characterize OU6 
biota and their trophic relationships and to note locations of obvious zones of chemical Contamination. 
Brief field surveys will be conducted in the spring, summer, fall, and winter to obtain information on the 
occurrence, distribution, variability, and general abundance of key plant and animal species. Field 
inventories will be conducted in late spring and summer to obtain quantitative data on community 
composition in terrestrial and aquatic habitats. Samples collected as part of the activity will be saved 
for tissue analyses where contaminants of concern have been identified and sampling protocol are in 
place. Task 3 will also include aquatic toxicity tests using Ceriodaphnia spp. and fathead minnows 
(Pimephales promelas). As part of these activities, all collected field data will be reduced, evaluated, 
compared with, and integrated into the existing database to update knowledge of site conditions. 

Task 4: Toxicitv Assessment 

Task 4 will entail compilation of toxicity literature and the toxicological assessment of potential adverse 
effects from contaminants of concern on key receptor species. This task will be performed in 
conjunction with the following Task 5. 

Task 5: Exposure Assessment and Pathwavs Model 

Task 5 will entail development of a site-specific pathways model based on the ecological field survey. 
This exposure-receptor pathways model will be used to evaluate the transport of contaminants at OU6 
to biological receptors. The pathways model is based on a conceptual pathways approach (Fordham 
and Reagan 1991) and will provide an initial determination of the movement and distribution of 
contaminants, likely interactions among ecosystem components, and expected ecological effects. It is 
anticipated that this approach will be coordinated with the efforts of investigators working in other OUs 
to avoid duplication of effort, to collect comparable data, and to provide a consistent assessment of 
contaminant effects. 

Task 6: Preliminarv Contamination Characterization 

Task 6 will provide a characterization of the threat or risk of OU6 contaminants to receptor populations 
and habitats. Determinations will be made as to the magnitude of the effects of contamination on OU6 
biota. The actual or potential effects of contamination on ecological endpoints (e.g., species diversity, 
food web structure, productivity) will also be addressed. Depending on DQOs and the quality of data 
collected, the contamination characterization will be expressed qualitatively, quantitatively, or a 
combination of the two. Task 6 may include the preliminary derivation of remediation criteria. 
Development of these criteria will entail consideration of federal and Colorado laws and regulations 
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pertaining to preservation and protection of natural resources that are Applicable or Relevant and 
Appropriate Requirements (ARARs) (see Section 3.0). Information from ARARs, toxicological 
assessments, and the pathways model will be used to develop criteria that address biological resource 
protection. 

Task 7: Uncertaintv Analvsis 

Task 7 includes the identification of assumptions and the evaluation of uncertainty in the environmental 
risk assessment analysis. Task 7 will include the identification of data needs to calibrate/validate the 
pathways model developed in Task 5. 

Task 8: Planning 

Task 8 will entail the development of additional DQOs with respect to the conduct of the Task 9, 
Ecotoxicological Field Investigation. DQOs to be achieved by such sampling will be defined according 
to EPA guidance (US. EPA 1989d). Scoping and design of the Task 9 field studies will be based initially 
on the outcome of Tasks 1 through 3. Field sampling for assessment of injury will only be performed 
where acceptance criteria for demonstrating injury to a biological resource will be satisfied in 
accordance with regulations under the Natural Resource Damage Assessment Rule 143 CFR Subtitle A 
Section 11.62 (r)] and the accompanying Type B Technical Information Document (U.S. DO1 1987). a 
Task 9: Ecotoxicoloaical Field lnvestiaation 

Task 9 will include tissue analysis studies and any additional ecotoxicological field investigations. 
Samples collected in Task 3 field studies will be used wherever possible (e.g., when contaminants of 
concern have been identified and sampling protocols are in place); new samples will be collected if 
necessary. The need for measuring additional population endpoints through reproductive success, 
enzyme inhibition, microbial respiration, or other ecotoxicological studies will be evaluated based on the 
Task 3 preliminary ecological risk assessment. Selection of target analytes, species, and tissues will 
be based on the determination of which contaminants are likely to be present in sufficient 
concentrations, quantities, and locations as to be detected in biota. Selection of these specific criteria 
will be developed in consultation with EPA and the State. All necessary federal and state permits will 
be obtained prior to any destructive sampling or collecting. 

Task 10: Environmental Evaluation RePort 

Task 10 will provide a final characterization of contamination in biota at OU6. Results from the Task 9 
ecotoxicological field investigations will be used to evaluate ecosystem effects. Information on site 
environmental characteristics and contaminants, characterization of effects, remediation criteria, a 
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conclusions, uncertainty analysis, and limitations of the assessment will be summarized into the 
Environmental Evaluation Report. 

Each of the preceding tasks is described in further detailin Subsecton 9.2. A suggested outline for the 
Environmental Evaluation Report is presented in Subsection 9.2.1 1. The field sampling plan presented 
in Subsection 9.3 addresses both the Task 3 ecological investigation and the Task 9 ecotoxicological 
field investigations. A tentative schedule for performing the environmental evaluation is presented in 
Subsection 9.4. 

9.1.2 OU6 Contamination 

A number of chemicals are suspected to be present in OU6 soils and surface water at levels above 
background, as described in Section 2.0 of the Phase I RFI/RI Work Plan. Preliminary reviews of 
available data show some chemicals (organics, metals, and radionuclides) in surface water to be above 
detection levels and various federal and state surface water quality standards (Tables 9-1 and 9-2). 
Which of these levels are above background is currently being evaluated as part of the RFI/RI effort. 
Most of the contaminants are likely to impact biota if present at sufficient concentrations. The following 
subsections present a discussion of which of these chemicals are likely to be of paramount concern at 
OU6 given their toxic nature and their concentrations at OU6. Actual selection of contaminants of 
concern to biota will take place in Task 2 after a more detailed analysis of potential adverse effects and 
review of available toxicological literature. Further comparisons of site data to the recent Background 
Geochemical Characterization Report (EG&G 1990b) to determine above background levels will also be 
made as part of the RFI/RI investigation. 

9.1.2.1 Metals 

Terrestrial Ecosvstems 

Heavy metals are the most commonly evaluated environmental contaminants in biomonitoring studies 
of terrestrial ecosystems. (1) reports of metal 
concentrations in animals from only one location, (2) correlations of tissue concentrations with 
environmental concentrations, (3) monitoring a site through time, (4) concentrations in animals collected 
along a gradient of pollution, and (5) comparisons of concentrations in animals from reference and 
contaminated sites or sites where contamination is suspected. These studies generally provide 
information on background concentrations of contaminants and correlations of tissue concentrations 
with environmental concentrations. Data from the Talmage and Walton (1990) study are available for 
most heavy metals for a variety of mammal species and lower trophic levels. Data from Talmage and 
Walton (1990) and other available studies on heavy metals effects on biota will be reviewed as part of 
the Task 2 effort and compared to OU6 data as appropriate. 

Studies on heavy metals are of several types: 
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Several of the heavy metals detected in aquatic ecosystems at OU6 are phytotoxic and are also known 
to bioaccumulate and biomagnify in terrestrial ecosystems. Bioaccumulation, the process by which 
chemicals are taken up by organisms directly or through consumption of food containing the chemicals, 
is documented for arsenic, cadmium, chromium, cobalt, copper, lead, mercury, nickel, and selenium. 
Biomagnification, or the process by which tissue concentrations of chemicals increase as the chemical 
passes up through two or more trophic levels, is documented from soil to plants for beryllium, cadmium, 
chromium, copper, lead, mercury, and selenium. In herbivores, biomagnification occurs for antimony, 
arsenic, cadmium, chromium, copper, lead, mercury, and selenium. In terrestrial carnivores, mercury 
and cadmium are known to biomagnify. Any, if not all, of these metals are likely to become 
contaminants of concern in the OU6 environmental evaluation depending on historical usage, 
concentrations detected in soils, and potential uptake by biological receptors at OU6. 

Aauatic Ecosvstems 

EPA (U.S. EPA 1986b, 1987c, 1!388f, 19889) and the State have established ambient water quality criteria 
(AWQC) to be protective of the environment (See Section 3.0 and Tables 3-2 and 3-3). Specifically, 
these criteria represent the maximum allowable water concentrations consistent with the protection of 
aquatic wildlife. One rationale for establishing criteria protective of aquatic life is that aquatic organisms 
and plants are important in food chains to higher life forms. In addition, their direct dependence on the 
aquatic environment results in constant contact with the water and the organisms are therefore likely 
to assimilate any contaminants. One EPA objective in establishing AWQC was to determine chemical 
concentrations that would not be directly harmful to aquatic organisms and plants and would not 
present a hazard to higher life forms due to any biomagnification of individual chemical substances. 

Of the metals and analytes, such as cyanide, detected in surface water at OU6, a number are of 
immediate interest in the evaluation of aquatic ecosystems given their presence at levels above Federal 
surface water quality standards (Tables 9-1 and 9-2). Those with maximum values exceeding Federal 
AWQC for protection of aquatic life include aluminum, beryllium, cadmium, copper, cyanide, iron, lead, 
mercury, nickel, selenium, silver, and zinc. Chromium may also be of concern depending on the fraction 
of chromium VI present. Metals or analytes with values exceeding Federal MCLs or SMCLs include 
arsenic, barium, cadmium, chromium, iron, lead, manganese, mercury, selenium, silver, and zinc. Metals 
or analytes with maximum values exceeding Federal AWQC for protection of human health include 
antimony, arsenic, barium, beryllium, cadmium, chromium, cyanide, iron, lead, manganese, mercury, 
nickel, selenium, silver, and thallium. Metals or analytes with no federal standards include calcium, 
cobalt, lithium, magnesium, molybdenum, potassium, sodium, strontium, tin, and vanadium. 

Metals or analytes with maximum values exceeding Colorado aquatic life standards include aluminum, 
arsenic, chromium, cyanide, iron, manganese, mercury, selenium, and thallium. Metals or analytes with 
maximum values exceeding Colorado statewide agricultural standards include arsenic, beryllium, 
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cadmium, chromium, copper, cyanide, lead, manganese, nickel, selenium, and zinc. Cadmium, 
chromium, copper, lead, nickel, silver, and zinc may be of additional concern at OU6 depending on the 
site-specific table value standard. Metals or analytes with maximum values which do not exceed state 
AWQC, or which have no AWQC but exceed other state criteria include barium, beryllium, cadmium, 
chromium, copper, lead, nickel, and silver. Metals or analytes which were detected at OU6, for which 
there are no state standards include antimony, calcium, cobalt, lithium, magnesium, mdybdenum, 
potassium, sodium, strontium, tin, and vanadium. 

Brief summaries of AWQC toxicity information (U.S. EPA 1986b, 1987c, 19889 and other available 
toxicological literature on the metals and analytes of likely concern at OU6 are presented in the following 
text. Similar toxicity profiles will be evaluated against site-specific concentrations data in the selection 
of contaminants of concern and key receptor species by the Risk Assessment Technical Working Group. 

In addition to metals, adverse effects to biota from nutrient loading of organic nitrogen and phosphate 
species, as well as ammonia, will be evaluated. The occurrence of metals and analytes at elevated 
levels in surface water does not necessarily imply that they are available for assimilation in all organisms 
or that they transfer to successive trophic levels. The potential for adverse effects to occur is dependent 
of a number of physicochemical factors including: (1 ) physiological and ecological characteristics of 
the organism; (2) forms of dissolved trace metals; (3) forms of trace metals in ingested solids; and 
(4) chemical and physical characteristics of water (Jenne and Luoma 1977). Each of these factors will 
be considered in the evaluation of potential adverse environmental effects at OU6. 

Aluminum 

The toxicity of aluminum to freshwater aquatic organisms appears to be due primarily to the simple 
hydroxide forms of aluminum and is dependent upon the pH. Acute toxicity values for aluminum are 
available for several freshwater animal species; these values range from 1,900 pg/l for a cladoceran to 
79,900 pg/l for a midge (Dipterai spp.). The range of concentrations of aluminum that are acutely toxic 
to freshwater invertebrates is about the same as the range of concentrations that are toxic to fish. 
These species include a wide variety of animals that perform a wide spectrum of ecological functions. 

The chronic values for aluminum have been determined with three freshwater species. Chronic tests 
using Ceriodaphnia dubia showed reduced survival and reproduction at concentrations of 2,600 pg/l. 
Tests using Daphnia magna showed reduced survival at concentrations of 1,020 pg/I. Tests using 
fathead minnows showed reduced weight by 11.4% at concentrations of 4,700 pg/l and by 7.1% at 
concentrations of 2,300 pg/l. However, survival at both concentrations was as good or better than in 
the control treatment. These chronic tests indicate that, of the three species tested, the invertebrates 
are more sensitive to aluminum than the vertebrates. Other data have shown that concentrations of 
169 pg/l cause a 24% reduction in the weight of young brook trout (Salvelinus fonfinalis), and 
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concentrations of 88 pg/l cause a 4% reduction in weight. In a 7day test, concentrations of 174.4 pg/l 
killed 58% of the exposed striped bass (Microprerus spp.). Bioconcentration factors for aluminum range 
from 50 to 231. 

Cadmium 

Freshwater acute toxicity values for cadmium are available for species in 44 genera and range from 1 .O 
pg/l for rainbow trout (Salmo gairdnesi) to 28,000 pg/l for a mayfly (Ephemeroprera spp.). The 
antagonistic effect of hardness on acute toxicity has been demonstrated with five species. Chronic tests 
have been conducted on 12 freshwater fish species and 4 invertebrate species; chronic values range 
from 0.15 pg/l for Daphnia magna to 156 pg/l for the Atlantic salmon (Salmo salar). Freshwater aquatic 
plants are affected by cadmium at concentrations ranging from 2 to 7,400 pg/l. These values are in the 
same range as the acute toxicity values for fish and invertebrate species, and are considerably above 
the chronic values. Bioconcentration factors (BCFs) for cadmium in fresh water range from 164 to 4,190 
for invertebrates and from 3 to 2,213 for fishes. 

Chromium Nl) 

The toxicity of chromium is largely due to its oxidizing action in its hexavalent state (as chromic oxide, 
chromate, or dichromate) and its easy permeation of biologic membranes (NRC 1974). Acute toxicity 
values for chromium(V1) are available for freshwater animal species in 27 genera; these values range 
from 23.07 pg/l for a cladoceran to 1,870,000 pg/l for a stonefly (Acroneuria spp.). These species 
include a wide variety of animals that perform a wide spectrum of ecological functions. Daphnids are 
especially sensitive. The few data that are available indicate that the acute toxicity of chromiumvl) 
decreases as hardness and pH increase. 

The chronic value for both rainbow trout and brook trout is 264.6 pg/l; while the chronic value for 
fathead minnow is 1,987 pg/l. Chronic tests using chinook salmon (Oncorhynchus tshawytscha) show 
.a reduction in growth at low concentrations of 16 pg/l. Chronic values in soft water for daphnids range 
from c2.5 to 40 pg/l and acute-chronic ratios range from 1.130 to >9.680. Green algae are quite 
sensitive to chromium(V1). The bioconcentration factor (BCF) for rainbow trout is less than 3. 

Comer 

The toxicity of copper to aquatic organisms is due primarily to the cupric (Cu”) ion and possibly to 
some of the hydroxy complexes. Concentrations of copper ranging from 1 to 8,000 pg/l inhibit growth 
of various aquatic plant species. Sensitivities for aquatic invertebrates and fish are similar to those for 
plants. Acute toxicity data are available for species in 41 genera of freshwater animals. At a hardness 
of 50 mg/e, the genera range in sensitivity from 16.74 pg/l for squawfish (Ptychocheilus) to 10,240 pg/l 
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for a stonefly. Acute toxicity generally decreases as water hardness increases. Additional data for 
several species indicate that toxicity also decreases with increases in alkalinity and total organic carbon. 
Chronic values are available for 15 freshwater fish species and range from 3.87 pg/l for brook trout to 
60.36 pg/l for northern pike (fsox/ucius). Fish and invertebrate species seem to be equally sensitive 
to the chronic toxicity of copper. 

Protection of animal species appears to offer adequate protection of plants. Copper does not appear 
to bioconcentrate very much in the edible portion of freshwater aquatic species. Many animals have 
some ability to cope with excess copper through excretion (Rand and Petrocelli 1985). In animals 
where copper is not excreted, copper will accumulate in tissues, especially in the liver. 

The acute toxicity of lead to several species of freshwater animals has been shown to decrease as the 
hardness of water increases. At a hardness of 50 mg/l, the acute sensitivities range from 142.5 pg/I 
for an amphipod @rnphipoda) to 235,900 pg/l for a midge. Data on the chronic effects of lead on 
freshwater animals are available for two fish and two invertebrate species. The lowest and highest 
available chronic values (12.26 and 128.1 pg/l) are both for a cladoceran, but in soft and hard water 
respectively. Freshwater algae are affected by concentrations of lead above 500 pg/l, based on data 
for four species. BCFs are available for four invertebrate and two fish species and range from 42 to 
1,700. 

Several enzymes are sensitive to lead at very low concentrations. lead strongly inhibits several 
ATPases, lipoamide dehydrogenase, and aminolevulinic acid dehydratase, which is involved in the 
synthesis of heme (Rand and Petrocelli 1985). In vertebrate animals, lead poisoning is characterized 
by neurological defects, kidney dysfunction, and anemia. 

Mercury 

Mercury is toxic to all forms of biota in aquatic ecosystems, although many factors (e.g., alkalinity, pH, 
and temperature) influence toxicity. The toxic action of mercury in plants and animals appears to 
involve cell membranes and their permeability. In mammals, early subacute poisoning generally has a 
neurological manifestation (Rand and Petrocelli 1985). Data are available on the acute toxicity of 
mercury(l1) to 28 genera of freshwater animals. Acute values for invertebrate species range from 2.2 

pg/l for Daphnia Pulex to 2,000 pg/l for three insects. Acute values for fish range from 30 pg/l for the 
guppy to 1,000 pg/l for tilapia (Mozambique tilapla). Few data are available for various organomercury 
compounds and mercurous nitrate, which are 4 to 31 times more acutely toxic than mercury(l1). 
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Available chronic data indicate that methylmercury is the most chronically toxic of the tested mercury 
compounds. Tests on methylmercury with Daphnia magna and brook trout show chronic values less 
than 0.07 pg/l. For mercury(ll), the chronic value for Daphnia magna is about 1.1 pg/l and the acute- 
chronic ratio is 4.5. In both a lifecycle test and an early life-stage test on mercuric chloride with the 
fathead minnow, the chronic value was less than 0.26 pg/l and the acutechronic ratio was over 600. 

Freshwater plants show a wide range of sensitivities to mercury, but the most sensitive plants appear 
to be less sensitive than the most sensitive freshwater animals to both mercury(l1) and methylmercury. 
A BCF of 4,994 is available for mercury(l1); BCFs for methylmercury range from 4,000 to 85,000. 

Selenium 

Although selenium can be quite toxic, it has been shown to be an essential trace nutrient for many 
aquatic and terrestrial species and it has been shown to ameliorate the effects of a variety of pollutants 
(e.g., arsenic, cadmium, copper, and mercury). Invertebrates have been shown to be both the most 
sensitive and the most resistant freshwater species to selenium(1V). Acute values for Daphnia spp. 
range from 6 pg/l to 3,870 pg/I for selenium(1V). Acute values in fish for seleniurn(lV) range from 620 
pg/I for fathead minnow to 35,000 pg/I for carp (Cyprinus carpio). The final chronic value for 
selenium(lV) of 27 pg/l is based on sensitivities of rainbow trout. Based on data for three species, 
selenium(lV) was shown to be 5 to 32 times more toxic than selenium(V1). Although selenium(1V) 
appears to be more acutely and chronically toxic than selenium(V1) to most aquatic animals, this does 
not seem to be true for aquatic plants. Growth of several species of green algae were affected by 
concentrations ranging from 10 to 300 pg/l. BCFs that have been obtained for selenium (IV) with 
freshwater species range from 2 for the muscle of rainbow trout to 452 for the bluegill (Lepomis 
macrochirus). Highest concentrations of selenium(lV) have been found in fish viscera, due to the uptake 
of selenium adhering to food. 

- Zinc 

The levels of dietary zinc at which toxic effects are evident depend markedly on the concentration ratio 
of zinc to copper (Rand and Petrocelli 1985). Zinc is also a metabolic antagonist of cadmium, so that 
high zinc intakes in animals afford some protection against cadmium exposure. Acute toxicity values 
are available for 43 species of freshwater animals. Data indicate that acute toxicity generally decreases 
as hardness increases. When adjusted to a hardness of 50 rng/l, sensitivities range from 50.70 pg/l for 
Ceriodaphnia reticulate to 88,960 pg/I for a damselfly. Additional data indicate that toxicity increases 
as temperature increases. Chronic toxicity data are available for nine freshwater species. Chronic 
values for two invertebrates range from 46.73 pg/l for Daphnia magna to >5,243 pg/l for the caddisfly 
(Clistoronia magnificia). Chronic values for seven fish species range from 36.41 pg/l for flagfish 
(Jordanella floridae) to 854.7 pg/l for the brook trout. The sensitivity range of freshwater plants is 

Phase I WI/W Work Plan -Walnut Creek Priority Drainage 
Rocky Flab Plant, Golden, CO 
N:\PRoJECTS\1513100\@515%? 

FiMl 
May 1992 
Page 8-12 



a 
greater than that for animals. Growth of the alga, Selenastrum capriocornutum, is inhibited by 30 pg/l; 
however, 4day EC50s for several other species of green algae, exceed 200,000 pg/l. Zinc 
bioaccumulates in freshwater animal tissues at 51 to 1,130 times the water concentration. 

9.1.2.2 Radionuclides 

Basic ecological research on radionuclides in the environment has a 40-year history resulting in 
sophisticated models for identification and prediction of the movement and concentration of specific 
radionuclides. The same is true for effects resulting from exposure to both external and internal sources 
of radiation. Most of the scientific literature concerning radioecology has resulted from interaction 
between DOE operated facilities and nearby universities. 

The following discussion is a brief summary of the radionuclide data and literature reviewed. In general, 
transuranics tend to bind in the soils and sediments and have limited availability to biota. 
Bioaccumulation or concentration factors routinely are low between trophic levels. Data from Little et 
al. (1980) from the Rocky Flats Plant site indicate that radionuclide inventories (and thus radiation doses) 
in vertebrate populations are well below levels know to elicit effects. 

Elevated levels of some radionuclides were found in surface water and sediments at various locations 
in OU6 (see Appendixes A and B). Maximum surface water values for gross alpha and gross beta 
exceed both state and federal surface water standards at a number of surface water sampling locations. 
Maximum particle values exceed state stream segment standards for gross alpha (1 1 pCi/l) and gross 
beta (1 9 pCi/l) at 19 and 18 out of 35 sampling locations, respectively. The highest values detected for 
gross alpha (particle, 1400 pCi/l) and gross beta (particle, 2500 pCi/l) were found at SW90, which is 
within the perimeter security zone. 

a 

Maximum values for americium 241, plutonium 239, and uranium (total) also exceed state stream 
segment standards at a number of locations. Both americium 241 and plutonium 239 values exceed 
the stream segment standards at 15 of 35 sampling locations. The highest values for both americium 
241 (2.2 pCi/l) and plutonium 239 (10 pCi/l) were found at SW95, which is approximately 600 feet north- 
northeast of the solar ponds, outside the perimeter security zone. Elevated levels of both these 
radionuclides were also found in several of the A- and B-series ponds. 

Maximum values for total uranium exceed the state stream segment standard (10 pCi/l) at 11 of 35 
sampling locations. The highest value (1023 pCi/l) was detected at SW90. Even though the reported 
radionuclide levels in surface water and sediment exceed state or federal standards at a number of 
locations, it is not known whether sufficient sensitive methods exist to distinguish injury to biota due to 
radionuclides from background "noise" (chance fluctuations due to climate, weather, human disturbance, 
etc. or injury from other contaminants) at the Rocky Flats Plant Site. The following sections provide a 
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summary of general information regarding the effects of radionuclide contamination on terrestrial and 
aquatic ecosystems. 

Terrestrial Ecosvstems 

Historically, the principal reason for determining BCFs for terrestrial biota was to calculate the internal 
radiation dose to higher trophic levels at an equilibrium body burden from radionuclides assimilated from 
foodstuffs. For the most part, BCFs for mammals have been collected from fallout studies under widely 
varied habitat conditions (arctic, desert, temperature zone, and laboratory) and, consequently, there are 
few consistent generalizations. Concentration factors for '37cesium typically show an increase from plant 
to mammalian herbivores as well as increases at the higher trophic levels. Ninefold increases in 
137cesium through the plant -f mule deer (Odocoileus hemionus) + cougar (Felis concolor) food-chain 
were demonstrated in the work done by Pendleton et al. (1965). Also an increase of approximately 2 

to 5 fold at each link in the lichen -B caribou (Rangifer spp.) -B wolf (Canis /upis) food-chain has been 
reported by Hanson et al. (1967). 

Less comprehensive data are available for the other radionuclides, but it is evident that not all 
radionuclides are concentrated in food-chains and that different food-chains may exhibit markedly 
different concentration patterns for the same nuclide. @'Strontium accumulation for the plant -B herbivore 
chain ranges from 0.02 to 8.4; while the BCF's for tritium, %obalt and 13'iodine are less than 1.0 with 
the exception of 2.4 for seed -f water + quail for %obalt movement (Auerbach 1973). 

There have been few field studies on the comparative uptake of actinides (transuranics) by biota from 
contaminated soils. Uranium, thorium, and plutonium transfer in terrestrial food-chains has not been 
well studied because of the difficulty and expense of analyzing these elements at low levels in biota and 
the frequent high degree of variation in field data that complicates statistical comparisons between 
different actinides. Field studies that have been conducted on soil-plant-animal transfer suggest that 
bioaccumulation of these elements does not occur. Hakonson (1975) indicates that at the Trinity Site, 
residual plutonium levels in soils, plants, and animals were approximately 10 times lower in small rodents 
than in the corresponding grass samples. This same trend has been noted in other studies as well 
(Garten and Daklman 1978, Garten et al. 1981). Bly and Whicker (1978) found that the mean ratio of 
naplutonium in arthropods to 239plutonium in 0 to 3 cm soil at Rocky Flats Plant was 9 ~ 1 0 ~ .  

Little et al. (1980) conducted a comprehensive study in the grassland ecosystem around Rocky Flats. 
The overall conclusions mirror the previously mentioned works in that plutonium was not accumulated 
up through the food-chain. Additionally, the body burdens of biota were significantly lower than required 
to elicit a biological or ecological effect. 
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Most studies of radiosensitivities of soil fungal populations have been performed in the laboratory. 
Studies on the effects of irradiation of natural populations in the field have been rare and have suffered 
from inadequate controls (Stotsky and Mortenson 1959; Stanovick, Giddens, and McCreery 1961). 

A study by Edwards (1969), revealed distinct differences in radiosensitivities of various microarthropod 
groups, but all were killed at levels much lower than those lethal to microflora. Orbatid mites, the most 
radiation-resistant microarthropods, were killed by 200 kilorads. Auerbach et al. (1957) found that with 
lower radiation doses, a lag effect exists in growth rates in certain microarthropods, such as Collembola. 
Cawse (1969) noted that bacteria are the most tolerant to radiation up to about 2.5 megarads. Fungi 
are resistant up to about 1 megarad (Johnson and Osborne 1964). 

Fraley and Whicker (1973) found native shortgrass plains vegetation to be very resistant to chronic 
gamma radiation at exposure rates varying from 0.01 to 650 rads/hr. One of the most resistant species 
was Lepidium densiflorum which became dominant at exposure rates of 12 to 28 rads/hr and was able 
to germinate, develop, and complete seed set at exposure rates greater than 28 rads/hr. The level of 
radiation exposure in their study is many orders of magnitude greater than any encountered in the 
environment around Rocky Flats. 

A long-term project was initiated in 1968 at Oak Ridge National Laboratory (Styron et al. 1975) to assess 
effects of mixed beta and gamma radiation from simulated fallout on a grassland ecosystem. Extensive 
statistical analyses of data on numbers of individuals collected for each of 76 arthropod and 2 molluscan 
taxa have identified no lasting significant changes in similarity or species diversity of experimental versus 
control communities as the result of the long-term irradiation at low doses rates. Natural fluctuations 
in community dynamics obscured any possible radiation effects. 

Mammal species and populations exhibit a similar resistance to chronic low-level exposures and even 
acute exposures required in excess of 100 rads to elicit reproductive, hemopoietic, or survivorship 
responses (Kitchings 1978). 

Aauatic Ecosvstems 

Aquatic food-chain dynamics are similar to those previously described for terrestrial ones. On the 
whole, the actinides have no known biological function and do not show an affinity for muscle in higher 
trophic level organisms (Poston and Klopfer 1988). In a study conducted at the Savannah River Plant 
by Whicker et al. (1990), aquatic macrophytes were found to have the highest concentration ratio, 
primarily, the authors suggest, due to adsorption of sediment particulates to surfaces. All other trophic 
levels were found to have very low concentration ratios. In nearly all cases, concentrations of 
transuranics in vertebrate tissues were very low. One would expect very low concentrations of 
transuranics in vertebrate tissues because of the low concentrations in water, sediments, macrophytes, 

phase I WI/FU Work Pian - Walnut Creek priority Drainage 
Rocky Fiats Plant, Odden, CO 
N:\PRoJECTS\1513tC0\0515eZ 

Find 
May 1882 
PO@ 9-15 



and invertebrates, and because of the generally low food-chain transfer factors of most transuranics 
(Bair and Thompson 1974, Eyman and Trabalka 1980). 

Only 5 to 10 percent of the plutonium and americium in sediments in a process waste pond on the 
Hanford Reservation were found to be available for foodweb transfer (Emery et al. 1975). The remaining 
fraction appeared to be tightly bound to particles and would be transported ecologically in particulate 
form. Watercress (Barbarea orthoceras) had a plutonium concentration about equal to the sediments 
while dragonfly larvae and snails (Mollusca spp.) had americium levels approximating the sediments. 
All remaining biota had plutonium and americium concentrations which were generally well below those 
of the sediments. Goldfish (Carassius aurarus) in the pond concentrated small amounts of both 
isotopes. 

With respect to the distribution of several long-lived radionuclides within aquatic ecosystems, the work 
of Whicker et al. (1990) tends to confirm and strengthen the concept that many radionuclides tend to 
reside entirely in the sediments. It appears that this is true for 137cesium and the transuranium elements. 
The rule also seems to hold for different types of systems with widely varying limnological properties. 
As a consequence, only a very small fraction of the total system inventory can reside in the biotic 
components. For radionuclides that tend to sorb strongly to sediments, this distribution can probably 
be extended to most freshwater ecosystems. 

9.1.2.3 Oraanic ComDounds 

Most of the organic compounds detected in OU6 surface water and sediments (Appendixes A and B) 
are on the RCRA Appendix Vlll and IX Lists, the Superfund Target Compound List, and the EPA Clean 
Water Act Priority Pollutants Compounds List. Each is known to cause adverse acute and chronic 
effects on aquatic life depending on concentration. Values for a number of pesticides and organic 
compounds detected in surface water at OU6 exceed the potential chemical-specific ARARsPBCs 
reported in Table 3-1, 3-2 and 3-3 (see Tables 9-1 and 9-2). Most of the reported maximum values for 

.pesticides (see Appendix B), however, have the qualifiers "u" or "uj" [see footnote (1 1) in Table 9-11 and 
are therefore nondetections. Only four pesticide/PCB values were reported without qualifiers and thus 
could be meaningfully compared to state and federal standards. These pesticides are aldrin, 
hexachlorocyclohexane (beta), simazine, and atrazine. Maximum values for each of these compounds 
exceed various state standards. Maximum values for aldrin and hexachlorocyclohexane also exceed 
various federal standards; there are no federal standards for atrazine and simazine. 

Of the 48 maximum values for semi-volatile and volatile organic compounds reported in Appendix B, 
10 compounds were reported without qualifiers at values exceeding state standards. These chemicals 
include phenol, n-nitrosodiphenylamine, vinyl 'chloride, lI1,2,2-tetrachloroethane, carbon tetrachloride, 
chloroform, tetrachloroethane, and trichloroethene. Maximum values for n-nitrosodiphenylamine, vinyl 
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chloride, 1,1,2,2-tetrachloroethane, carbon tetrachloride, tetrachloroethane, and trichloroethene also 
exceed various federal standards. Of the 27 semi-volatile or volatile chemicals detected (without 
qualifiers) at OUS, 12 have no state and 11 have no federal standards. Such chemicals will be evaluated 
further for their potential to cause adverse effects in aquatic or terrestrial ecosystems as part of the 
Environmental Evaluation Task 4 Toxicity Assessment. 

While there is no history of their disposal, detection of pesticides such as aldrin, PCBs, or dioxins in the 
Phase I analytical program for abiotic media will warrant close consideration due to the high 
biomagnification potential of these contaminants. Locations of elevated levels of organic chemicals 
detected in groundwater may also warrant further evaluation due to the potential interaction with surface 
water and subsequent potential for exposure to receptor organisms. 

9.1.3 Protected Wildlife, Vegetation and Habitats 

9.1.3.1 Wildlife 

The U.S. Fish & Wildlife Service has identified several listed endangered or threatened wildlife species 
which could possibly occur in the Rocky Flats Plant area. However, none is expected to occur because 
of lack of habitat. These species include the endangered bald eagle (Haliaeetus leucocephalus), the 
two threatened subspecies of peregrine falcon (Falco peregrinus tundris and F. p. amturn), the 
endangered whooping crane (Grus americana) and the endangered black-footed ferret (Mustela 
nigripes). 

The bald eagle is primarily a winter resident around rivers and lakes, and the closest known nesting 
pairs are found at Barr Lake, 25 miles to the east of Rocky Flats. Although the Rocky Flats Plant Site 
lacks suitable bald eagle nesting habitat, bald eagles have been observed over the plant site, and one 
pair has been observed feeding regularly at Great Western Reservoir, located approximately 0.4 miles 
east of the site. 

The whooping crane passes through Colorado during its spring and fall migrations. Whooping cranes 
blown off their migration course could use the Rocky Flats area as a night roost. These birds prefer 
large marshes and wetlands in broad open river bottoms and prairies. Such habitat is not present at 
Rocky Fiats. 

The two subspecies of peregrine falcon may occasionally occur in the Rocky Flats area as they hunt 
for prey. Nesting preferences are high cliff sides and river gorges, both of which are absent at Rocky 
Flats. However, nesting sites have been recorded to the west about 4 to 5 miles from the site. 
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The historical geographic range of the Mack-footed ferret coincides with that of prairie dogs, a principal 
prey species. Although black-footed ferret populations are thought by many to be extinct in the wild, 
large prairie dog towns sufficient to support a black-footed ferret population (>80 acres for black-tailed 
prairie dogs) if found at Rocky Flats would be surveyed by approved methods (US. Fish and Wildlife 
1986). 

Several additional species are of special interest to the State of Colorado because they are endangered 
in the state, are game species, have small and/or declining populations, or are pest/nuisance species 
(Colorado Division of Wildlife 1981, 1982a, 1982b, and 1985). These species will be Mentified and 
investigated during Task 2 and will be considered in the development of on-site food webs. 

9.1.3.2 Veaetation 

Thirteen federally-listed or proposed plant species occur in Colorado, most of which are western slope 
species. One proposed endangered species, Ute ladies-tresses (Spiranrhes diluvialis) is known to occur 
near Golden and Boulder and could potentially occur at Rocky Flats, although it has not been found in 
previous botanical inventories. A number of candidate species for federal listing are known to occur 
in Jefferson and Boulder Counties, but have not been identified at Rocky Flats. 

9.1.3.3 Wetlands 

Numerous regulations and acts have been promulgated to protect water-related resources, including 
wetlands. Wetlands play an important role in ecosystem processing and in providing habitat to a variety 
of. plant and animal species. An assessment of Rocky Flats wetlands was completed in 1989 
(EG&G 1990h). Wetlands occur along North and South Walnut Creek, the Unnamed Tributary, and 
around the A- and B-series Ponds. DOE activities with a potential to impact wetlands will follow 
regulations designed for their protection. Should filling of any wetlands occur, the U.S. Army Corps of 
Engineers would have jurisdiction. 

9.2 ENVIRONMENTAL EVALUATION TASKS 

An environmental evaluation at OUS is necessary for Rocky Flats Plant to meet the requirements of 
Sections 121(b)(l) and (d) of CERCLA and Section 300.430(d) of the NCP (55 FR 8666, 3/8/90). An 
environmental evaluation, in conjunction with the human health risk assessment, is required to ensure 
that remedial actions are protective of human health and the environment. Guidelines for conducting 
this evaluation, which is also called an ecological assessment, are provided by EPA in Risk Assessment . 

Guidance for SuDerfund, Volume II .  Environmental Evaluation Manual (U.S. EPA 1989e). Additional 
guidance is derived from EPAs Ecoloaical Assessments of Hazardous Waste Sites: A Field and 
Laboratow Reference Document (U.S. EPA 1989d) and other guidance documents (Table 9-3). 
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TABLE 9 3  

EXAMPLES OF EPA AND DOE GUIDANCE DOCUMENTS AND 
REFERENCES FOR CONDUCTING ENVIRONMENTAL EVALUATIONS 

Barnthouse, LW., G.W. Suter, S.M. Bartell, J.J. Beauchamp, R.H. Gardener, E. Under, R.V. O’Neill and 
A.E. Rosen. 1986. User’s Manual for Ecdoaical Risk Assessment. Environmental Sciences 
Division. Publication No. 2679, ORNL-6251. 

U.S. DOE. 1988a. Co mDrehensive Environmental ResDonse. c o  mwnsation. and Liab ilitv Act 
muirements. DOE Order 5400.W. Draft, September 1988. 

U.S. DOE. 1988b. Radiation Effluent Monitorina and Environmental Surveillance. DOE Order 54OO.XY. 
Draft, September 1988. 

U.S. DOE. 1990b. Radiation Protection of the Public and the Environment. DOE Order 5400.5 

U.S. EPA. 1988a. Guidance for Conductina Remedial lnvestiaations and Feasibilitv Studies under 
CERCLA. Interim Final. Office of Emergency and Remedial Response, Washington D.C., 
EPA/540/g-89/004. 

U.S. EPA. 1988c. Guidance on Remedial Actions for Contaminated Groundwater at SuDerfund Sites. 
Office of Emergency and Remedial Response. Washington, D.C. EPA/540/2-88/003. 

U.S. EPA. 1988e. k. Office of Emergency and Remedial 
Response. Washington, D.C. EPA/540/1-88/001. 

U.S. EPA. 1989c. ExDosure Factors Handbook. Office of Health and Environmental Assessment. 
Washington, D.C. EPA/600/8-89/043. 

U.S. EPA. 1989d. Ecoloaical Assessments of Hazardous Waste Sites: A Field and Laboratory 
Reference Document. Office of Research and Development. EPA/600/3-8!3/013. 

U.S. EPA. 1 W e .  Risk Assessment Guidance for SuDerfund. Volume II. Environmental Evaluation 
Manual. Interim Final. Office of Emergency and Remedial Response. Washington, D.C. 
EPA/540/1-89/001. 

U.S. EPA. 1990. Guidance for Data Useabilitv in Risk Assessment. Office of Emergency and Remedial 
Response. Washington, D.C. EPA/540/G-90/008.9.2.1 Task 1 : Preliminary Planning 
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The environmental evaluation Is both a qualitative and quantitative appraisal of the actual or potential 
injury to biota other than humans and domesticated species due to contamination at OU6. The 
environmental evaluation is intended to reduce the inevitable uncertainty associated with understanding 
the environmental effects of contaminants present in OU6 and to give more definitive boundaries to that 
uncertainty during remediation. 

The following plan for OU6 provides a framework for the review of existing data, the conduct of 
subsequent field investigations, and the preparation of the contamination assessment. Methoddogies 
for the ecological and ecotoxicdogical field investigations (Tasks 3 and 9) are described in the Field 
Sampling Plan presented in Supsection 9.3. 

Several of the tasks presented in the following plan will require coordination between the various OUs. 
In order to assure an integrated effort and to provide a means for obtaining input from regulatory 
agencies throughout the preliminary planning and implementation tasks, a Risk Assessment Technical 
Working Group has been established. As participants in this group, representatives from EG&G, DOE, 
and each of the regulatory review agencies will be involved in activities such as the determination of 
selection criteria for contaminants of concern, key receptor species, and reference areas, and decisions 
regarding the use of existing data. 

9.2.1 Task 1: Preliminary Planning 

This task includes a definition of the study area, a determination of the scope of the environmental 
evaluation, identification of DQOs, and development of a plan for obtaining consensus on selection 
criteria for contaminants of concern, key receptor species, reference areas, and the field sampling 
approach/design. The scope of the environmental evaluation will describe the kind and amount of 
information that will be collected in the study. The biological parameters that are to be measured, 
estimated, and calculated will be described. The time period and boundaries of the evaluation will be 
designated. Depending on the available pathways for exposure and the habitats potentially exposed 
to contamination, the study area for this ecological assessment may extend beyond the boundaries of 
each IHSS and Walnut Creek. 

9.2.1.1 Selection Criteria for Contaminants of Concern 

Because not all chemicals found at OU6 will have adverse effects on biota, the list of chemicals to be 
evaluated can be narrowed. Chemical and species-specific criteria (e.g., likelihood of exposure) will be 
used for selecting those contaminants that are of particular concern from an ecological perspective at 
OU6. Chemical, physical, and toxicological criteria will be used in selecting contaminants of concern. 
Selection of these specific criteria will be developed in consultation with EPA and the State. Examples 
of the potential criterii to be evaluated in selecting contaminants of concern are shown in Table 9-4. e 
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TABLE 9-4 

POTENTIAL SELECTION CRITERIA FOR CONTAMINANTS OF CONCERN 

Concentrations detected on site 
Frequency of detection 
Historical disposal information 

- Type - Quantity 
Mobility in environmental media 
Chemical fate (transport) 

- Adsorption coefficient 
- Partition coefficient (water-octand) 
- Water solubility 
- Vapor pressure 

- Biodegradation 
- Chemical degradation 

Persistence 

Bioaccumulation potential 
Bioavailability 
Biotransformation potential 
Background concentrations 
Biochemistry 

- Essential nutrient 
- Enzyme inhibitor 

Toxicity 
Treatability 

a 
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Although the selection process for contaminants of concern parallels that for the Human Health Risk 
Assessment, the lists may differ somewhat based on contaminant fate and transport characteristics and 
species-specific toxicities. The process for selecting contaminants of concern is currently being 
developed by the Risk Assessment Technical Working Group. Selection of the contaminants of concern 
will be evaluated in accordance with EPA guidance (U.S. EPA 1989e). An appropriate scoring system 
may be used to quantify the selection as much as possible. The selection process for these criteria will 
take into account the limited data that are available to quantify some of these factors (e.g., 
concentrations detected on site; frequency of detection). In these cases, a weighing factor may be used 
to assign such criteria a low reliance. The screening values for each of the criteria will be used as tods 
to help select chemicals that need further assessment. They will not be used as limits which indicate 
absolute "no adverse effects" levels. Actual site-specific conditions will determine the potential for 
adverse effects in receptor species at OU6. 

9.2.1.2 Identification of Kev ReceDtors 

Key receptors are those species or taxon which are or may be sensitive to the particular contaminants 
of concern. Organisms at each trophic level within a food web differ in their sensitivity and the ways 
they take in, accumulate, metabolize, distribute, and expel contaminants. The susceptibility of a 
particular organism also varies with the mechanism through which contaminants are taken up from the 
environment. In general, the following criteria determine the susceptibility of the receptor to a particular 
contaminant (U.S. EPA 1989e): 

The rapidity with which the contaminant is absorbed from the environment 

Sensitivity of the receptor's tissues to the dosage incurred 

Relationship between tissue sensitivity and the expression of symptoms of toxic injury 

The rapidity of repair or accommodation to the toxic injury 

Selection of key receptors will depend on the ability to detect toxic injury in the organism or subsequent 
adverse effects to the population. National standards on the definitions of injury to biological receptors 
are found in the Natural Resource Damage Assessment Rule (43 CFR Subtitle A Section 11.62 (01. 
These include death, disease, behavioral abnormalities, cancer, physiological malfunctions, and physical 
deformation. Additional methods for detecting injury to biological resources are provided in the Type 
B Technical Information Document: Injury to Fish and Wildlife Species (U.S. DO1 1987). The procedures 
described in these documents provide a framework for determining what categories of effects might be 
observed in the field during the site visit and subsequent surveys and for selecting appropriate study 
methods to establish relationships between contaminant distribution and concentration in the physical 
environment and biological consequences in the receptor species and populations (Reagan and 
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Fordham 1991). By using this approach to focus efforts on examining specific effects in key receptor 
species, costs and sampling efforts will be reduced. 

The selection of key receptor species is in part a subjective decision based on species dominance or 
judged importance in the food chain. Selection criteria for key receptors will include consideration of 
the following: 

e Sensitivity to contarninants 

e Listing as rare, threatened, or endangered by a governmental organization 

e Game species 

e A key component of ecosystem structure and function (e.g., abundant prey for other 
important species) 

Additional criteria used in the selection of key receptors include habitat preferences, food preferences 
and other behavioral characteristics which can determine population size and distribution in an area or 
significantly affect the potential for exposure. Key receptors may include game species such as mule 
deer which is mobile and has a large home range; or an organism that is sedentary or has a more 
restricted movement, such as plants, some invertebrates, and some small vertebrates. For contaminants 
that bioaccumulate, the effects are usually most severe for organisms at the top of the food chain (e.g., 
top predators). Examination of contaminant effects on these more mobile species may necessitate the 
integration of data from different OUs. 

e 

A checklist of OU6 biota will be developed in conjunction with the ecological field inventory. The initial 
list of key receptors will be chosen from the checklist based on the selection criteria and will include 
organisms from each trophic level. The documented selection analysis will include an evaluation of the 
receptor’s relation to potential contaminant exposure through both direct Contaminant accumulation 
from the abiotic environment and bioaccumulation through the food chain. Examples of key receptors 
species (or taxon) likely to be on this list are presented in Table 9-5. This list will be refined as 
information is evaluated on known contaminant effects on these species (or similar species) and the 
documented levels of contamination present at the site. 

Key receptors will be selected from this list for subsequent detailed food web analyses, and possible 
tissue sampling or other ecotoxicological analyses. Selection of key receptor species for tissue analyses 
will depend on the receptor’s suitability for sampling, sample size requirements, results of the preliminary 
exposure assessment, and expectation for finding contaminants in the tissues sampled (see Subsections 
9.2.9 and 9.2.10). Final selection of contaminants of concern and key receptors will provide the basis 
for the contamination assessment (Tasks 4 through 7). In the contamination assessment, food webs 
and contaminant exposure pathways will be developed for OUS. Information on these food webs will 
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TABLE 9-5 

POTENTIAL KEY BIOLOGICAL RECEPTORS 
FOR ASSESSMENT OF ECOLOGICAL IMPACTS AT OU6 

Community Taxon 

Periphyton Green algae 
Blue-green algae 

Benthic Macroinvertebrates 

Fish 

Reptiles 

Mammals 

Birds 

Terrestrial Invertebrates 

Grasses 

Shrubs/Forbs 

Mayflies (larvae) 
Caddis flies (larvae) 
Chironomids (larvae) 
Crayfish 

Fathead minnow 
Bluegill 

Garter snake 
Bull snake 
Rattlesnake 

Deer mouse 
Northern pocket gopher 
Microtines 
Rabbit 
Coyote 

Mourning dove 
Mallard 
Killdeer 
Red-winged blackbird 
Ring-necked pheasant 
Cormorant 
Blue heron 
Great-horned owl 

Earthworms 
Grasshoppers 

Western wheatgrass 
Blue grama 
Cheatgrass 

Snowberry 
Willows 
Bindweed 
Sunflower 
Cattails 
Pondweed 

Microbial Populations Entire population 

Phase I WI/W Worl~ phn -Walnut Creak Prbrity Dnlnsge 
Roclry Flats Plant, Gdden. CU 
N\PRQIECTS\1513100\0515SZ 

Final 
May 1882 



be used to rdate quantitative data on contaminants in the abiotic environment to adverse effects in biota 
and to evaluate potential impacts to biota due to contaminant exposure. 

9.2.1.3. Reference Areas 

Determination of criteria for selection and sampling of reference areas will be coordinated between OUs 
and will be addressed by the Risk Assessment Technical Working Group. Reference areas will be 
identified as needed for terrdrial, wetland, and aquatic species and will be sdected based on 
measurement endpoints. Reference areas are likely to be selected in the northwestern portion of Rocky 
Flats Plant, away from potentlal effects associated with release from either Rocky Flats or OU6. 
Additional off-site areas may also be selected, as appropriate. 

Reference areas need not be selected where current and historical data are available to assess impacts 
from OU6 contaminants. Where such data are not available, one or more reference areas may be 
selected based upon their similarity to OU6, their lack of exposure to contamination from Rocky Flats 
or other sources, and the selected measurement endpoint. If more than one habitat or ecosystem type 
(e.g., terrestrial and aquatic) is to be assessed at OU6, comparable reference areas may be established 
for each, or a reference area may be selected containing those habitats or ecosystem types in a 
comparable distribution. For OU6, at least one reference area may be located upstream of the 
assessment area unless conditions indicate the area is unsuitable as a reference area. Data collected 
at the reference area will be compared where possible to values reported in the scientific literature to 
demonstrate that the data represent a normal range of conditions. Methods used to cdlect data at the 
reference area will be comparable to those used at OU6. 

e 

The decision process for using reference areas in the investigation of adverse effects from contamination 
at Rocky Flats is presented in Figure 9-2. As shown in this figure, a number of activities will take place 
prior to the selection of reference areas. These activities include the determination that: 

0 A pathway (inhalation, ingestion, etc.) exists for the movement of a contaminant of 
concern from the physical abiota media to biota. 

e Acceptable methods are available to study the resultant effects of contamination at the 
individual, population, or ecosystem level (e.g., species diversity, trophic structure 
complexity). 

Selection of a reference area(s) will ultimately depend on the specific effect or ecological endpoint that 
is to be measured. More than one reference area may be used depending on the effects to be studied. 

The selection of reference areas would be made to meet DQOs (U.S. EPA 1989e) and the selected 
assessment and measurement endpoints. Two basic criteria would be employed in the selection and 
establishment of reference areas: 

a 
Phase I RFI/RI Work Plan -Walnut Creek PriOmy Drainage 
Rocky Flats Plant. Odden, CO 
N\PRaJECTS\i513im\ffil5ez 

Final 
May 1982 



1 
I t 

J- 
t 1 

c I 

m c 
E 
t 
m 

n I- 

W VI 

N 
I m 

W 

3 
I? 
L 

- 

500390SZ 



1. The reference areas will be similar to OU6 in terms of soil series, topography, aspect, 
vegetation, habitat types, and plant and animal assemblages. 

The reference areas, including vegetation and wildlife, have not been impacted by 
releases from OU6 or other Rocky Flats Plant OUs. 

2. 

9.2.1.4 Data Qualitv Obiectiveg 

The DQO development process will follow the three steps recommended by EPA (1989d). Step I of the 
DQO process involves preparing definitions and concise DQOs. Examples of Step I program DQOs for 
this environmental evaluation include the following: 

8 Identify appropriate site-specific receptor species, contaminants of concern, and 
exposure pathways to determine if there is a potential for adverse effects to occur as 
a result of contamination. This step includes determination of relevant contaminant 
concentrations in biological tissues. 

8 Evaluate the potential for impacts to occur to biological resources outside the 

Evaluate the need for remediation to protect the environment. 

boundaries of OUS or the Rocky Flats Plant. 

8 

Steps II and 111 of the DQO process include identification of data uses and needs and design of the data 
collection program. Products of Step II include proposed statements of the type and quality of 
environmental data required to support the DQOs, along with other technical constraints on the data 
collection program. The objective of Step 111 is to develop data collection plans that will meet the criteria 
and constraints established in Steps I and II. Step 111 results in the specification of methods by which 
data of acceptable quality and quantity will be obtained. The DQO development process will continue 
as scoping of the environmental evaluation becomes more refined. Additional Step I decision-type 
DQOs may be needed or data collection-type DQOs may be modified based on Task 1 and Task 2 
results and subsequent refinement of the field sampling plan. 

a 

9.2.1.5 Field Samdina Amroach/Desian 

The Field Sampling Plan presented in Subsection 9.3 is designed to be flexible so that it can be revised 
as additional data are collected. Flexibility in the Field Sampling Plan will ensure that field data 
collection activities will be comparable to and compatible with previous data collection activities 
performed at the site while providing a mechanism for planning and approving new field activities. The 
Field Sampling Plan, in conjunction with the SOPS for Ecology (EG&G 1991 g, Volume V), will provide 
guidance for all field work by defining the sampling and data-gathering methods to be used on the 
project. 
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9.2.2 Task 2: Data Collection/Evaluation and Conceptual Model Development 

As an integral part of the RFI/RI process, Task 2 of the environmental evaluation will focus on 
accumulating and analyzing pertinent information on three major areas: 

0 Species, populations, and food web interrelationships 

0 Types, distribution, and concentrations of contaminants in the abiotic environment (e.g., 

Preliminary determination of potential exposure pathways and potential contaminant 

soil, surface water, groundwater, and air) 

0 

effects on OU6 biota based on literature review 

The principal subtasks in Task 2 include Literature Review and Site Characterization. These subtasks 
will be performed in conjunction with the Task 3, Ecological Field Investigation. Information that will be 
developed from these tasks includes the following: 

0 Chemical inventory/Contaminants of Concern -. Existing information including that 
obtained on chemical contaminants from other investigations at Rocky Flats and other 
DOE facilities will be used in the development of a preliminary list of contaminants of 
concern. 

0 Initial toxicity test data - Preliminary data on the toxicity of potentially complex 
chemical mixtures in OU6 surface waters. 

0 Descriptive field surveys - Inventory of OU6 biota and locations of obvious zones of 
chemical contamination, ecological effects, and human disturbance. 

0 Species inventory - Plant and animal species known to occur within OU6 or to 
potentially contact contaminants at OU6 and their trophic relationships. 

0 Population characteristics - General information on the abundance of key species (see 
SOPS). 

0 Food habit studies - Available information from literature sources to supplement field 
observations and possible gut content analysis on key species. 

9.2.2.1 Literature Review 

As an essential part of Task 2, a review of available documents, aerial photographs, and data relevant 
to the site will be completed. This will allow compilation of a database from which to determine data 
gaps and to provide evidence for a defensible field sampling program. Prior studies by DOE and the 
Rocky Flats Plant operating contractors will be reviewed and evaluated. Information to be reviewed will 
include the following: 
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0 Project files maintained by Rockwell International and EG&G 

0 Project reports and documents on file at Front Range Community Cdlege Library, at 
the Cdorado Department of Health, and at the Cdorado Division of Wildlife 

0 DOE documents and DOE orders 

0 The Phase I database 

0 The Rocky Flats EIS database 

0 Data from ongoing environmental monitoring and National Pollution Discharge 
Elimination System (NPDES) programs 

0 Studies conducted at Rocky Flats on radionuclide uptake, retention, and effects on 
plant and animal populations 

0 Scientific literature, including ecological and risk assessment reports, from other DOE 
facilities (Oak Ridge National Laboratory, Los Alamos, Hanford, Savannah River, 
Fernald) 

If available and applicable, historical data will be used. Where the same methods are not used in the 
collection of new data, use of historical data will depend on the demonstrated comparability of the data 
collection methods. Where possible, analytical files will be made available in an electronic file format. 

9.2.2.2 Site Characterization 

Environmental resources at the site will be characterized based on reviews of existing literature and 
reports, including results from the Phase I RFI/RI investigation, other OU RFI/RI investigations, and the 
Task 3 ecological field investigation. The description of the site will be presented in terms of the 
following distinct resource areas: 

Meteorology/air quality 
Soils 
Sediments 

GdOgY 
Surface and groundwater hydrology 
Terrestrial ecology 
Aquatic ecology 
Protected/important species and habitats 

The purpose of the site characterization is to describe resource conditions as they exist without 
remediation. The narrative with supporting data will include descriptions of each resource, with 
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attendant tables and figures, as appropriate, to depict, in a concise and dear fashion, site conditions, 
particularly as they influence contaminant fate and transport. 

Included in this task is the development of a community food web model (Reagan and Fordham 1991) 
to describe the feeding relationships of organisms at Rocky Flats Plant. Food web construction begins 
with gathering information to evaluate the food habits of species or species groups (e.g., grasshoppers) 
found or potentially occurring on site. Standard computer searches will be augmented with searches 
of local university libraries to locate any regionally pertinent studies on food habits. The preliminary list 
of important species, compiled from background information, will be completed based on observations 
of presence and abundance made during the ecological site surveys and on trophic level data obtained 
from the food web model. Based on the model, a modified list of species will be made using 
toxicological information (toxicity assessment) to determine which species or species groups might be 
most affected or most sensitive to the chemical(s) of interest. 

Data from past studies and preliminary data from current environmental studies will be used to better 
define the present distribution of contaminants in the abiotic environment and to develop an initial food 
web model. The food web model in conjunction with a preliminary pathways analysis will identify likely 
or presumed exposure pathways or combinations of pathways and receptor species at risk. Based on 
this preliminary information, the Task 3 and Task 9 field investigation sampling approach/designs may 
be revised. 

9.2.3 Task 3: Ecological Field Investigation 

The Phase I field investigation for OU6 consists of the following separate programs: (1) the air quality 
program which will entail emissions estimation and modeling; (2) the soils, surface water, and 
groundwater sampling programs, which will be conducted as part of the Phase I RFI/RI activities; and 
(3) the terrestrial and aquatic biota sampling program, which will be conducted as part of this 
environmental evaluation. 

9.2.3.1 Air Quality 

A site-wide air quality monitoring program is currently being conducted at Rocky Flats. Specific air 
monitoring is also proposed for OU6 (see Subsection 7.2.9). These data can be used to model airborne 
deposition and transport of contaminants through the food web to potential receptors. Such modeling 
could be performed where data in abiotic media are inadequate. Where the inhalation pathway is 
considered to be significant in the case of OU6 biota, a detailed pathways analysis and assessment of 
potential adverse effects using these transport model data will be performed. 

. 
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9.2.3.2 soils 

Few data exist on contaminants present in surficial materials at OU6. Groundwater monitoring wells ' 

have been installed at several locations within the drainages and in several IHSSs. SOU samples from 
various depths in these wells were analyzed. These data have not been validated, and there is some 
uncertainty in the unvalidated data. 

The purpose of the Phase I RFI/RI sampling and analysis program is to provide data for characterizing 
the IHSSs and for confirming the presence or absence of contamination. The Phase I RFI/RI Work Plan 
proposes to collect soil samples from each of the IHSSs at OU6. Soil samples will be collected from 
the surface (< 2 inches deep) In the Sludge Dispersal, Old Outfall, Triangle, Spray Field, and Soil Dump 
areas. Surface soils samples will be analyzed for radionuclides and metals at the Sludge Dispersal, Old 
Outfall and Spray Field areas and for radionuclides only at the Triangle and Soil Dump areas. Soil 
samples will also be collected from borings at the Old Outfall, Trenches, Soil Dump and Spray Field 
areas and only where there are areas of anomalous radiation or high soil gas readings in the Triangle. 
The list of soil analysis parameters is presented in Table 7-10 and the planned analytical program is 
presented in Table 7-1 1 In addition to these analyses, soil analyses will be conducted in the field and 
laboratory to confirm and clarify Soil Conservation Service descriptions and classifications. This 
information will be used to evaluate suitability of the soils for plant growth and to assist in the selection 
of suitable reference areas. 

Surficial soil samples will be of prime importance for determining source contaminants for biota. This 
uppermost layer provides the major source of nutrients and contaminant uptake for the vegetation under 
study and is also a source of potential contaminant ingestion to wildlife. Soil samples from all depths 
are related to surface water and groundwater regimes. Fluids moving through the soils can leach 
contaminants, transport them through available flow paths, and deposit them in downgradient 
environments. Contamination in soil and groundwater at a depth of greater than 20 feet (maximum depth 
of burrowing animals and plant root penetration) will not be considered to affect biota. 

The sampling and analysis programs under the Phase I RFI/RI field investigations have been reviewed 
and modified as necessary to ensure that sampling intervals, methods, and analytical programs are 
appropriate and meet the DQOs of the environmental evaluation. Data from nearby OU programs will 
also be evaluated for use in characterizing the nature and areal extent of surface soil contamination in 
the vicinity of OU6. This information will be used to help identify exposure pathways for the 
environmental assessment. 
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9.2.3.3 Surface Water and Sediments 

Surface water and sediment samples are collected on a regular basis as part of ongoing investigations 
at OU6 as well as nearby OUs. These investigations will continue. This Phase I RFI/RI Work Plan 
proposes extensive sampling along Walnut Creek, the Unnamed Tributary, and in the A- and B-Series 
Ponds. Samples will be analyzed for metals, radionuclides, inorganics, and organics. Total organic 
carbon in soils and sediments and sediment grain sue will also be determined as part of the analytical 
program. 

Surface water sampling and analytical results presented in existing nearby OU work plans and reports 
will be evaluated with respect to the planned abiotic sampling programs planned in other nearby OUs 
to assure the data needs for the environmental evaluations at each of these OUs are addressed. 
Sampling locations presented in each of these work plans will be integrated. Chemical results from 
nearby surface sampling locations will be reviewed and incorporated into the OU6 environmental 
evaluation as needed. 

9.2.3.4 Groundwater 

Groundwater monitoring wells upgradient and downgradient of some of the IHSSs provide limited 
information on groundwater conditions in Walnut Creek Drainage. This Phase I RFI/RI proposes to 
install additional monitoring wells downgradient of the Sludge Dispersal, Trenches, Spray Field areas, 
and Ponds A 4  and 8-5, and within the Triangle Area. The laboratory analytical results will be used to 
assess the presence or absence of groundwater contamination and to assess the exposure pathway, 
if present. 

e 

Data from other OU programs will aid in characterizing the nature and areal extent of groundwater 
contamination in the vicinity of the site. The hydrogeologic information and laboratory analytical results 
from other planned boring and well installation programs will be incorporated in this environmental 
-evaluation where applicable. The information will be used to assist in determining the nature and extent 
of contamination in shallow groundwater and help identify exposure pathways for the OU6 environmental 
assessment. 

9.2.3.5 Terrestrial and Aauatic Biota 

Terrestrial and aquatic species in the Rocky Flats Plant area have been described by several researchers 
(Weber et al. 1974; Clark 1977; Clark et al. 1980; Quick 1964; Winsor 1975; CDOW 1981; CDOW 1982a, 
1982b); most of these reports are summarized in the Final EIS (U.S. DOE 1980). In addition, terrestrial 
and aquatic radioecology studies conducted by Colorado State University (CSU) and DOE (Rockwell 
International 1986e; Paine 1980; Johnson et al. 1974; Little 1976; Hiatt 1977) along with annual 
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monitoring programs at Rocky Flats Plant, have provided information on the plants and animals in the 
area and their relative distribution. 

Limited field surveys will be conducted in Task 3 to characterize current biological site conditions in 
terms of species presence, habitat characteristics and/or community organization. The emphasis will 
be to describe the structure of the biological communities at OUS in order to identify potential 
contaminant pathways, biotic receptors, and key species. 

Initial aquatic toxicity tests using Ceriodaphnia spp. and fathead minnows will be conducted at OU6 
under Task 3. The technical objective of the toxicity tests is to provide a screening mechanism to aid 
in the determination of the nature and extent of contamination, particularly since there is the potential 
for exposure to mixtures of contaminants. EPA recognizes the usefulness of such toxicity testing as a 
means for integrating the effects of all toxic pollutants, which cannot be measured by chemical analysis. 
Standardized EPA acute and chronic test methods will be followed in accordance with NPDES toxicity 
testing procedures currently being used at Rocky Flats. 

Veaetation 

The objectives of the vegetation sampling program are to provide data for: (1) the description of site 
vegetation characteristics; (2) identification of potential exposure pathways from contaminant releases 
to higher trophic-level receptors; (3) selection of key species for contaminant analysis to determine 
background conditions for OUS; and (4) identification of any protected vegetation species or habitats. 

A number of habitat types are expected to be found in the Walnut Creek Drainage (Clark et al. 1980). 

Grasses characteristic of the short grass plains are expected to be abundant. Representative species 
include blue grama (Bouteloua gracilis), Junegrass (Koeleria cristata), dropseed (Sporobdus spp.), 
slender wheatgrass (Agropyron trachycaulurn), and green needlegrass (Stipa viridula), which are 
interspersed with other grasses, shrubs, and a variety of annual flowering plants. Transects will be 
established at each of the IHSSs, along the Unnamed Tributary, and along North and South Walnut 
Creek to collect phytosociological data on biomass and cover, shrub/tree density and frequency, and 
species presence. 

Wetland Veaetation 

Wetlands have been identified along the Unnamed Tributary and North and South Walnut Creek (EG&G 
1990h). These occur as linear wetlands that support hydrophytic vegetation species including sandbar 
willow (Salix exigua), american watercress (Barbarea orfhoceras), and plains cottonwood (Populus 
sargenrii). Other species associated with these wetlands include broad-leaf cattail (Typha latifolia), baltic 
rush (Juncus arficus), cordgrass (Sparfina pectinata), silver sedge (Carex praegracilis), and various 
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bulrushes (Scirpus spp.). Transects will be established in wetland vegetation habitats at the designated 
aquatic sampling locations along North and South Walnut Creek, the Unnamed Tributary, and at the A- 
and B-Series Ponds to collect phytosociological data on biomass and cover, shrub/tree density and 
frequency, and species presence. 

PeriDhvton 

The periphyton community is a closely-adhering group of organisms that form mat-like communities on 
rocks, other did objects, or the stream bottom. The community is composed of algae, bacteria, fungi, 
detritus, and other macroscopic heterotrophic organisms. Because of the large surface-to-volume ratio 
of its constituents, periphyton have been found to be an excellent indicator community for accumulation 
of contaminants. Periphyton samples will be collected at designated locations in OU6 (see Subsection 
9.3.2.2) along North and South Walnut Creek, the Unnamed Tributary, and in the A- and B-Series Ponds. 

Periphyton communities provide a sensitive mechanism to detect changes in aquatic environments that 
result from the introduction of contaminants. Taxonomic composition and relative abundance of 
periphyton can be measured on natural substrates as well as standardized artificial substrates. On hard 
artificial substrates, data on algal abundance, biomass, and species composition will be obtained by 
removing the substrate and by scraping or brushing the organisms from a measured area into a 
container. 

Benthic Macroinvertebrates 

Benthic macroinvertebrates may exist in rocky/gravelly substrates or as soft bottom communities along 
portions of the Unnamed Tributary, North and South Walnut Creek, and the A- and B-Series Ponds. The 
soft-bottom benthos are those macroscopic invertebrates inhabiting mud or silt substrates, whereas the 
immature stages of insects inhabit rock surfaces, rooted stems, and leaves or gravelly substrates. 
Because these communities are essentially stationary, they are good indicators of past and present 
habitat contamination. Additionally, their feeding methods (filtering microscopic organisms and fine 
materials, preying on smaller invertebrates, and grazing periphyton), suggest that benthic species are 
ingesting other organisms that are potentially concentrating contaminants. Designated locations in the 
Walnut Creek Drainage will be sampled for benthic organisms. 

- Fish 

Fish can be important components of ecological assessments because they are relatively long-lived, 
occupy upper trophic levels of aquatic ecosystems, and they may spend their entire lives in relatively 
small areas. Fish species representing both herbivores and carnivores are likely present in OU6 aquatic 
habitats and may demonstrate biomagnification of contaminants within the creek or pond ecosystem. 
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Designated aquatic sampling locations (see Subsection 9.3.2.2) will be sampled for fish where the 
habRat is appropriate. 

Terrestrial Wildlife 

A field survey will be conducted to gather data on animal communities in the Walnut Creek Drainage. 
The objective of the animal life survey is to: (1) describe the existing animal community in Walnut Creek 
Drainage; (2) identify potential contaminant pathways through trophic levels; (3) develop food web 
models including contribution from vegetation; (4) identify key species for potential collection and tissue 
analysis; and (5) identify any protected species. 

The field survey as presented in the Field Sampling Plan (see Subsection 9.3) will document the 
presence of terrestrial species and allow for a general description of the community. Some species 
(e.g., songbirds, larger mammals, reptiles, and raptors) may use the area daily, seasonally or 
sporadically, or wander through as vagrants. Survey timing and techniques will consider these uses. 

9.2.4 Contamination Assessment (Tasks 4 through 7) 

The contamination assessment includes Tasks 4 through 7. 
contamination assessment are to: 

The two major objectives of the 

e Obtain quantitative information on the types, concentrations, and distribution of 
contaminants in selected species, and 

e Evaluate the effects of contamination in the abiotic environment on ecological systems. 

Conducting a contamination assessment requires an evaluation of chemical and radiological exposures 
and the subsequent toxicological effects on key species. Of specific importance in the contamination 
assessment is the identification of exposure points, the measurement of contaminant concentrations at 
those points, and the determination of potential impacts or injury. Impacts may result from movement 
of contaminants through ecological systems or from direct exposure (inhalation, ingestion, or 
deposition). 

The Contamination Assessment for OU6 will be based on existing environmental criteria, published 
toxicological literature, and existing, site-specific environmental evaluations. The program design will 
be integrated with other ongoing RFI/RI studies so that concentrations of contaminants in abiotic media 
can be related to contaminant levels and effects in biota. A preliminary contamination assessment will 
be made in Task 2 based on the site characterization and contaminant identification activities. The 
preliminary Task 2 assessment will be used to revise the Task 9 ecotoxicological field investigation 
sampling design. The contamination assessment process described in the following tasks will include 0 
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the development of a site-specific pathways model to quantify the potential for contaminant exposure 
and adverse effects in biota. 

The objectives and description of work for each of the contamination assessment tasks is described 
below. 

9.2.5 Task 4: Toxicity Assessment 

This assessment will include a summary of the types of adverse effects on biota associated with 
exposure to site-related chemicals, relationships between magnitude of exposures and adverse effects, 
and related uncertainties for contaminant toxicity, particularly with respect to wildlife. Ecological 
receptor health effects will be characterized using EPAderived critical toxicity values when available in 
addition to selected literature pertaining to site- and receptor-specific parameters. 

The toxicity assessment will provide brief toxicological profiles centered on health effects information 
on wildlife populations. The profiles will cover the major health effects information available for each 
contaminant of concern. Data pertaining to wildlife species will be emphasized, and information on 
domestic or laboratory animals will be used when wildlife data are unavailable. Adequacy of the existing 
database will be evaluated as part of this task. 

9.2.6 Task 5: Exposure Assessment and Pathways Model - 
This task will identify the exposure or migration pathways of the contaminants, taking into account 
environmental fate and transport through both physical and biological means. Each pathway will be 
described in terms of the chemical(s) and media involved and the potential ecological receptors. The 
exposure assessment process will include the following three subtasks: 

0 Identify exposure pathways 
0 Determine exposure points and concentrations 

Estimate chemical intake for receptors 0 

Each of these subtasks is described below. 

9.2.6.1 ExDosure Pathwavs 

The purpose of this subtask is to qualitatively identify the actual or potential pathways by which various 
biological receptors at or near OU6 might be exposed to site-related chemicals or radionuclides. The 
exposure pathway analysis will address the following four elements: 
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0 A chemical/ radionuclide source and mechanism of release to the environment 

0 An environmental transport medium (e.g., soil, water, air) for the released chemical/ 
radionuclide 

0 A point of potential biological contact with the contaminated medium 

A biological uptake mechanism at the point of exposure 

All four elements must be present for an exposure pathway to be complete and for exposure to occur. 
Exposure pathways will be evaluated and modeled, where possible, using the pathways approach 
(Reagon and Fordham 1991; Thomann 1981). 

The pathways approach uses a bioaccumulation model of contaminant transfer through a food web. 
The model links contamination in soil and water to contamination in biota. The pathways model 
approach blends standard environmental assessment methods with ecological and toxicological 
modeling to produce an integrated procedure to selecting indicator species and conducting an 
investigation of ecosystem effects resulting from contamination in soil and water. Where possible, 
uncertainty in the model is reduced by direct sampling (Le., tissue analysis). 

Toxicity tests, such as those proposed for Task 3, can also be used to conduct a direct effects-related 
investigation. Additional toxicity tests may be designed based on the pathways model results. 0 
9.2.6.2 Determination of Exposure Points and Concentrations 

The identified exposure points are those locations where key ecological receptor species may contact 
the contaminants of concern. Potential for exposure depends on characteristics of the Contaminant, the 
organism, and the environment. Determination of exposure points entails an analysis of key receptor 
species, locations, and food habits in relation to potential contaminant exposure both through direct 
contaminant accumulation or deposition from the abiotic environment and through indirect 
bioaccumulation. The exposure assessment for OU6 will provide information on the following: 

0 What organisms are actually or potentially exposed to contaminants from OUS 
What the significant routes of exposure are 
What amounts of each contaminant organisms are actually or potentially exposed to 

0 

0 Duration of exposure 
0 Frequency of exposure 

Seasonal and climatic variitions in conditions which are likely to affect exposure 
Site-specific geophysical, physical, and chemical conditions affecting exposure 0 
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A determination of the nature and extent of contamination in the abiotic media (air, soils, surface water, 
and groundwater) is presented in this Phase I RFI/RI Work Plan for Walnut Creek Drainage. Phase I 
data, when available and validated, will be summarized and used to characterize source areas and 
release characteristics at the site. The exact exposure points can be expected to vary depending on 
both the contaminant and the key receptor species under consideration. 

Concentrations of chemicals that are likely to have the greatest impact (based on concentration in the 
environment, toxicity values, and biological uptake) will be determined by actual environmental media 
sampling for each exposure point or by environmental fate and transport modeling. Fate, transport, and 
endpoint contamination levels in abiotic media may be modeled, where necessary, using environmental 
multi-media risk assessment models. Such models can provide the potential maximum concentrations 
of chemicals at the exposure points by which to evaluate the "worst-case' scenario. 

9.2.6.3 Estimation of Chemical Intake bv Kev ReceDtor Species 

This step includes an evaluation of key receptor species' contaminant uptake by direct routes (Le., 
inhalation, ingestion, dermal contact) and indirect routes (bioconcentration, bioaccumulation, 
biomagnification). The amounts of chemical and radiological uptake will be estimated using appropriate 
conservative assumptions, site-specific analytical data on contaminant concentrations in abiotic and 
biotic media, and forthcoming guidance from EPA's Wildlife Exposure Factors Handbook (to be 
published in 1991). A pathways analysis model (Reagan and Fordham 1991; Thomann 1981) will be 
used to establish relationships between concentrations of a chemical in different media with 
concentrations known to cause adverse effects. 

Direct measurement of contaminant uptake through tissue analyses will be conducted during Task 9 of 
the environmental evaluation. Such site-specific data and field observations will be used to reduce 
uncertainty in the pathways model and strengthen interpretation of the overall study. 

-9.2.7 Task 6: Contamination Characterization 

Contamination characterization entails the integration of abiotic exposure concentrations and reasonable 
worst-case assumptions with the information developed during the exposure and toxicity assessments 
to characterize current and potential adverse biological effects (e.g., death, diminished reproductive 
success, reduced population levels, etc.) posed by OU6 contamination. The potential impacts from all 
exposure routes (inhalation, ingestion, and dermal contact) and all media (air, soil, groundwater, and 
surface water/ sediment) will be included in this evaluation as appropriate according to EPA guidance 
(U.S. EPA 1989d, 1989e). 
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Characterization of adverse effects on receptor species and their populations is generally more 
qualitative in nature than characterizing human risks. This is because the toxicological effects of most 
chemicals have not been well documented for most species. Criteria or toxicological benchmarks that 
are usable and applicable for the evaluation of ecological effects are generally limited. EPA AWQC and 
Maximum Allowable Tissue Concentrations (MATC) are the most readily available criteria. Criteria found 
in federal and Colorado state laws and regulations pertaining to the preservation and protection of 
natural resources can also be used. Criteria may also be derived from information developed for use 
under other environmental statutes, such as the Toxic Substances Control Act or the Federal Insecticide, 
Fungicide and Rodenticide Act. An attempt will be made to consider the adverse effects of chemicals 
on populations and habitats rather than on individual members of a species according to €PA guidance 
(U.S. EPA 1989d, 1989e). Where specific information is available in the published literature, a more 
quantitative evaluation of effects will be made using the site-specific pathways model. This approach 
is in agreement with EPA guidance (U.S. EPA 1989e). 

9.2.8 Task 7: Uncertainty Analysis 

The process of assessing ecological effects is one of estimation under conditions of uncertainty. 
Understanding the effects of environmental stresses resulting from contamination on real populations 
depends on complex abiotic and biotic processes that cannot be reproduced in the laboratory. To 
address uncertainties, the OU6 environmental evaluation will present each conclusion, along with the 
issues that support and fail to support the ci3ndusion, and the uncertainty accompanying the 
conclusion. Factors that limit or prevent development of definitive conclusions will also be discussed. 
In summarizing the assessment data, the following sources of uncertainty and limitations will be 
specified: 

Variance estimates for all statistics 
Assumptions and the range of conditions underlying use of statistics and models 
Narrative explanations of other sources of potential error 

Validation and calibration of the pathways model will also be used where practicable. 

9.2.9 Task 8: Planning 

Task 8 will include planning for tissue analysis studies and any additional ecotoxicological studies (e.g. 
reproductive success, enzyme analyses, microbial respiration) needed to assess adverse effects from 
the contaminants of concern on key receptors. 'Initial designing for the Task 9 ecotoxicological field 
investigations will begin after contaminants of concern and key receptors have been selected in Task 
2. Species to be sampled for tissue analyses will be designated to the earliest extent possible in order 
to avoid a duplication of the Task 3 sampling effort. 
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The need for measuring additional ecotoxicological endpoints in Task 9 will be evaluated based on the 
pathways analyses and published information on direct toxic effects. Selection of field methoddogies 
will be based on a review of available scientific literature providing quantitative data for the species of 
concern or similar test species. Analysis of population, habitat, or ecosystem changes will be based 
on species or habitats that represent broad components of the ecosystem or are especially sensitive 
to the contaminants. In order to select methodologies for the ecotoxicdogical field sampling program, 
the biological response under consideration and the proposed methodology should satisfy program 
DQOs as well as the following more specific criteria: 

The biological response is a well-defined, easily identifiable, and documented response 
to the designated contaminant(s) of concern (Le., methodology and measurement 
endpoint are appropriate to the exposure pathway). 

Exposure to the contaminant is known to cause the biological response in laboratory 
experiments or experiments with free-ranging organisms. 

Methodology is capable of demonstrating a measurable biological response 
distinguishable from other environmental factors such as weather or physical site 
disturbance. 

The biological response can be measured using a published standardized laboratory 
or field testing methodology. 

The biological response measurement is practical to perform and produces scientifically 
valid results (e.g., sample size is large enough to have useful power and small Type II 
error). 

Tissue studies to document site-specific contamination will be conducted in Task 9 for both aquatic and 
terrestrial systems. Tissue analyses will be conducted on selected species from OU6 and reference 
areas ( i  necessary) to document current levels of specific target analytes. Information from the Task 
2 data evaluation and Task 3 field survey will determine the species and contaminants to be tested and 
the methods to be used. Selection of the target analytes, species, and tissues will depend on an initial 
determination as to which contaminants are likely to adversely impact biota and which contaminants 
are likely to be present in concentrations sufficient for detection. 

Acute and chronic aquatic toxicity tests using fathead minnows and Ceriodaphnia spp. are proposed 
for Task 3 (see Subsection 9.3.5). These simple screening tests will provide an initial determination of 
the toxicity of potentially complex chemical mixtures in OU6 aquatic ecosystems. If toxicity is observed 
in either the acute or chronic tests at any one station, then a supplemental toxicity testing program in 
conjunction with physical and chemical analyses of the water and sediment may be designed for that 
location to determine the potential extent of the toxicant(s). 

Phasa I RFI/RI Work Plan -Walnut Creek Priofily Drainage 
Rocky Flats Plant, Golden. CO 
N:\PRQIECTS\15131W\051592 

Find 
May 1882 

psee- 



Toxicity testing methods are available for terrestrial ecosystems using microbes, earthworms, crickets, 
and grasshoppers (U.S. EPA 1989e). The need for such tests will be evaluated based on the above 
criteria as part of this planning process. 

Prior to conducting Task 9 studies, the field sampling plan will be refined to address the proposed 
methodologies. More specific DQOs will be formulated based on the proposed methodologies and will 
address the following: 

e The number and types of analyses to be run 
The species, locations, and tissues to be sampled 
The number of samples to be taken 
The detection limits for contaminants 
The acceptable margin of error in analyzing results 

e 

e 

e 

e 

9.2.10 Task 9: Ecotoxicological Field Investigations 

Tissue analyses will comprise most of the Task 9 ecotoxicological field investigation. Because individuals 
and species accumulate contaminants differentially in their tissues depending on the exposure route and 
form of the contaminants, environmental concentrations and general uptake rates will not necessarily 
predict biotic concentrations or adverse effects. Tissue analyses will be conducted to measure the total 
concentration of specific chemical compounds in key receptor species. By comparing tissue analysis 
results to toxicological benchmark concentrations (e.g., LC50 or MATC values), the potential for adverse 
effects in a population can be characterized. Analysis of tissue contaminant concentrations will provide 
data to confirm the predicted relationship, if any, between environmental concentrations and the amount 
of contaminants accumulated in receptor species. 

Selection of the species and specific tissues for analysis will be based on a preliminary evaluation of 
site-specific food webs, potential contaminant transport pathways, and the potential for bioaccumulation, 
bioconcentration, and biomagnification. The decision process for conducting tissue analyses is 
presented in Figure 9-3. Tissue sampling will only be conducted for those Contaminants of concern 
which bioaccumulate in tissue. Whole bodies or specific tissues will be analyzed depending on which 
portion is consumed by higher trophic level organisms. Suitability of the species for sampling and 
sampling size requirements will largely determine the species to be selected for tissue analysis. 

To the extent possible, tissue samples will be collected simultaneously with environmental media 
samples (see Section 7.0). This will allow for a determination of site-specific BCFs. These BCFs will 
be incorporated into the final exposure assessment and will be used to calibrate/validate the pathways 
model. Where BCFs cannot be determined, published or predicted BCF values will be used in the 
pathways model to assess potential impacts. 
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For contaminants of concern which bioaccumulate, the acceptable concentration (Le., ARAR/TBC) In 
the physical environment (e.g., water) may be below reliable detection limits measurable by direct 
methods. For example, the chronic AWQC for protection of aquatic life for DDT is 0.001 pg/I while the 
detection level using gas chromatography is 0.1 pg/l. In these instances, indicator species would be 
sampled as indirect indicators of contaminant concentrations in the physical media that bioaccurnulate. 

Where ARARsflBCs (i.e., acceptable levels in receptor species or next lowest prey species) are 
established, tissue sampling need only be conducted on site and not in the reference areas. Where no 
applicable criteria exist, sampling for contaminants of concern would be conducted both on site and 
in appropriate reference area(s). The decision process on the use of reference areas for sampling 
contaminants in tissues is shown in Figure 9-4. 

Statistical tests will be used in the measurement of the contaminant-specific biological response in 
samples from OUS and the reference areas. Use of statistical tests will be consistent with DQOs and 
quality assurance provisions of the Quality Assurance Project Plan (QAPjP). 

Additional ecotoxicological studies or toxicity tests may include in-situ (in-field) and/or laboratory toxicity 
tests. In-situ methods usually involve exposing animals in the field to existing aquatic or soil conditions. 
Laboratory toxicity tests can be used to evaluate the lethal or sublethal effects of chemicals as they 
occur in environmental media. Both approaches can be used to test for toxicity of mixtures as they 
actually occur in the environment. Selection of a particular methodology is generally based on the 
capability of the method to demonstrate a measurable biological response to the selected 
contaminant(s) of concern in addition to those specific criteria presented in Subsection 9.2.9. 

9.2.1 1 Task 10: Environmental Evaluation Report 

Task 10 will include the summary of. information and production of an Environmental Evaluation Report 
as part of the RFI/RI Report. The Environmental Evaluation Report will be prepared in a clear and 
concise manner to present study results and interpretation. Relevant data from the environmental 
evaluation, in addition to relevant Phase I RFI/RI data, will be integrated and evaluated in the 
characterization of potential environmental impacts. The following topics will be covered in the report: 

e 0 bjectives 
e Scope of Investigation 
e Site Description 

0 Contaminant Sources and Releases 
e Exposure Characterization 
e Contaminant (Impact) Characterization 

Contaminants of Concern and Key Receptor Species 
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0 Remediation Criieria 
Conclusions and Limitations 

A proposed, detailed outline of the report is shown in following Table 9-6. 

Remediation Criieria 

The primary element used in the assessment of environmental effects or risk is a set of environmental 
criteria to which measured and or predicted concentrations of hazardous constituents in abiotic media 
are compared. Where these criteria are exceeded, adverse effects are likely to occur. Where water 
quality or other available federal or state criteria are available for comparison to concentrations of 
contaminants, they are generally used (see Subsection 9.2.7) (U.S. EPA 1989e). Remediation criteria 
can also be developed from other environmental statutes, such as the Toxic Substances Control Act or 
the Federal Insecticide, Fungicide and Rodenticide Act, or through the conduct of an environmental risk 
assessment such as outlined in this work plan. 

Remediation criteria protective of biota are not available for contaminants in soils, or for many of the 
contaminants that occur in aquatic ecosystems at hazardous waste sites. Remediation criteria protective 
of site-specific plants and animals for the contaminants of concern can be developed in this 
environmental evaluation based on ecological effects criteria and detailed food-web analyses using a 
calibrated/validated pathways model. Ecological effects criteria are determined by tracing the 
biomagnification of contaminant residues from organisms at the top of the food web back through 
intermediate trophic levels to the abiotic environment. The "no effects" criteria levels for abiotic media 
are then derived from contaminant concentrations known to produce sublethal effects in the most 
sensitive (usually highest trophic level) organisms. Development of ecological effects criteria for OU6 
will be based on results of the pathways model as well as available data which document potential 
adverse effects from contaminants of concern on key biological receptors. The process for establishing 
ecological criteria is shown in Figure 9-5. Determination of these criteria for OU6 will be coordinated 
with other RFI/RI studies and environmental evaluations. 

The acceptable (no-effects) criteria levels will be used in conjunction with ARARs to evaluate potential 
adverse effects on biota as appropriate for the environmental evaluation portion of the Phase I RFI/RI. 
This approach will be integrated with the Human Health Risk Assessment process and will assist in the 
development of potential remediation criteria. 

9.3 FIELD SAMPLING PIAN 

The OU6 Environmental Evaluation is planned in 10 tasks as described in Subsection 9.2. Field 
sampling activities will be conducted in Task 3 and Task 9 of the environmental evaluation. Task 3 will 
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TABLE 9-6 
PROPOSED ENVIRONMENTAL EVALUATION REPORT OUTLINE 

WALNUT CREEK DRAINAGE 

EXECUTIVE SUMMARY 

1.0 INTRODUCTION 

1.1 OBJECTIVES 
1.2 SITE HISTORY 
1.3 SCOPE OF EVALUATION 

2.0 SITE DESCRIPTION 

2.1 PHYSICAL ENVIRONMENT 

2.1.1 Air Quality/Meteordogy 
2.1.2 Soils 
2.1.3 Surface Water 
2.1.4 Groundwater 

2.2 BIOTIC COMMUNITY 

2.2.1 Freshwater Community 
2.2.2 Terrestrial Community 
2.2.3 Protected/lmportant Species and Habitats 

3.0 CONTAMINANT SOURCES AND RELEASES 

3.1 SOURCES 
3.2 RELEASES 

4.0 CONTAMINANTS OF CONCERN 

4.1 
4.2 DEFINITION OF CONTAMINANTS 

CRITERIA DEVELOPMENT FOR SELECTION OF CONTAMINANTS OF CONCERN 

5.0 TOXICITY ASSESSMENT 

5.1 
5.2 CONTAMINANT EFFECTS 

TOXICITY ASSESSMENTS OF CONTAMINANTS OF CONCERN 

5.2.1 Terrestrial Ecosystems 
5.2.2 Aquatic Ecosystems 

6.0 EXPOSURE ASSESSMENT 

6.1 CONTAMINANT PATHWAYS AND ACCEPTABLE CRITERIA DEVELOPMENT 

6.1.1 
6.1.2 

General Methodology for Pathway Analysis 
Selection of Key Receptor Species 
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TABLE 9 6  
(Concluded) 

6.2 EXPOSURE POINT IDENTIFICATION 

6.2.1 Air 
6.2.2 Soil 
6.2.3 Sediment 
6.2.4 Water 
6.2.5 Vegetation 

6.3 CHEMICAL FATE AND TRANSPORT 
6.4 EXPOSURE POINT CONCENTRATIONS 

6.4.1 Soil and sediment Concentrations 
6.4.2 Surface Water Concentrations 
6.4.3 Groundwater Concentrations 
6.4.4 Vegetation Concentrations 

6.5 EXPOSURE PATHWAYS 

6.5.1 Terrestrial Pathway 
6.5.2 Freshwater Pathway 

7.0 CONTAMINATION CHARACTERIZATION 

7.1 DEVELOPMENT OF ECOLOGICAL EFFECTS CRITERIA 

7.1.1 Air Criteria 
7.1.2 Soil and Sediment Criteria 
7.1.3 Freshwater Criteria 
7.1.4 Vegetation Criteria 

7.2 EFFECTS CHARACTERIZATION 

7.2.1 Terrestrial Pathway 

7.2.1.1 Air 
7.2.1.2 Soil 
7.2.1.3 Vegetation 

7.2.2 Freshwater Pathway 

7.2.2.1 Air 
7.2.2.2 Surface Runoff 
7.2.2.3 Seeps, Springs, Streams, and Ponds 
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include brief field surveys, an ecological inventory of biota present at OU6, and initial aquatic toxicity 
testing. The field surveys and inventory will be conducted to obtain information on the occurrence, 
distribution, and general abundance of biota in OU6. Data obtained in the field inventory will be used 
to identify key receptor species, to develop a site-specific food web model and to provide input to the 
pathways analysis and contamination assessment. Planning for the Task 9 tissue analysis program will 
begin in Task 2 so that samples collected in the Task 3 field inventory may be used wherever possible 
(i.e., where contaminants of concern have been defined and field sampling protocol have been 
developed). Final determination of the need for further ecotoxicological studies in Task 9 will be made 
in Task 8, Planning, after completion of the contamination assessment. 

The following field sampling plan is provisional and will be periodically revised as appropriate. The Task 
3 sampling plan is largely complete but may be altered in order to better coordinate with the surface 
water and soil sampling programs for OUS or other OUs. The Task 9 field sampling plan will be 
designed in greater detail after Contaminants of concern and key receptor species have been identified 
and a preliminary determination of food webs and contaminant source-receptor pathways has been 
developed. This information will allow determination as to which contaminants of concern are likely to 
be present in sufficient concentrations to be detected in biota and which biota are most practical and 
suitable for sampling. 

SOPs for sampling biota have been published (EG&G, 1991 g) as part of the Environmental Evaluation 
process at Rocky Flats. The SOPs include discussion of purpose and scope, responsibilities and 
qualifications, references, equipment, and execution of protocols. Sampling procedures for the following 
organisms are included in the Ecology SOPs (Volume V): 

Periphyton 
Benthic macroinvertebrates 
Plankton 
Fish 
Large mammals 
Small mammals 
Birds 
Reptiles and amphibians 
Terrestrial arthropods 
Terrestrial vegetation 
Soil microbes 

SOPs that are currently being developed in addition to the above include the following: 
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0 Design of Field Sampling Plans 
Recording and Managing Data 

0 Preserving and Handling Samples 
0 Conducting Laboratory Studies 
0 Incorporating QA/QC 

The preceding SOPS are referenced in the following OU6 Field Sampling Plan where appropriate, 

9.3.1 Sampling Objectives 

The Task 3 Ecological Field Investigation for OU6 has four broad objectives: 

1. Conduct brief field surveys and an ecological inventory to describe the existing 
ecological setting in terms of habitats, vegetation, wildlife and aquatic species. Conduct 
initial aquatic toxicity testing using Ceriodaphnia spp. and fathead minnows. Observe 
OU6 for obvious signs or zones of contamination or injury to biota and their habitats. . 
Accomplish an ecological field inventory through the use of established ecological field 
methodologies (e.g., Mueller-Dombois and Ellenberg 1974; Southwood 1978; Krebs 
1 989). 

2. From the above data, identify key food web species which represent the major flow of 
energy and nutrients and thus the major pathways for contaminant transfer from 
physical environmental media to higher trophic-levd ecological receptors. 

3. Identify the presence or absence of protected or other important species and habitats. 

4. Provide site-specific information for determining objectives, measurement endpoints and 
methodologies for Task 9 field/laboratory contamination studies. 

Data from the field survey, inventory, and aquatic toxicity tests will be summarized, tabulated and 
accompanied with a narrative description of the following data types: 

0 Species Present (Diversity) 
0 Habitat Descriptions/Mapping Units (Clark et al. 1980) 

Soil Descriptions/Classifications (part of RFI effort) 
Critical/Protected Habitats 

0 Protected Species 

0 Potential Exposure Pathways 
0 Terrestrial and Aquatic Food Webs 
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e Abundance of Key Species 
Vegetation Cover 

e Vegetation Frequency and Density (shrubs/trees) 
Vegetation Importance (community dominance) Values e 

Aquatic Toxicity Test Results 

Appropriate statistical tests will be used to analyze the data so that precision and accuracy of the results 
can be presented at a stated level of confidence. Depending on the data types being analyzed, within- 
and-between station differences, within-and-between season differences, and within-and-between species 
differences will be presented. Means, variances, standard errors, analyses of variance, regression, and 
correlation coefficients will be compukd as appropriate. Where sample sizes are insufficient to detect 
differences, only descriptive statistics will be prepared. 

9.3.2 Sample Location and Frequency 

Both Task 3 and Task 9 field sampling activities for OU6 will be located and timed to the extent possible 
to coincide with collection of other media samples (soils, surface water, and groundwater) as well as 
sampling activities at other OUs (Figure 9-6). This integrated sampling approach is consistent with EPA 
guidance and will provide a synoptic view of potential contaminants in all relevant media at one time. 

The field sampling plan for Task 3 is based on the assumption that brief field surveys will be conducted 
in the spring, summer, fall, and winter and that the ecological field sampling program will take place 
within the May-June and July-August timeframes. Aquatic toxicity testing will take place in MayJune 
(high flow) and September-October (low flow). Information from the initial surveys and field inventory 
may be used to modify sampling parameters for later field investigations. 

Sampling locations are largely located at or downgradient from areas of known or suspected 
contamination. Sampling locations were selected to coincide with sampling efforts in abiotic media and 
to characterize the biotic communities that are present. The intent of the selected locations was not to 
test specific hypotheses regarding the effects of contamination, but to characterize the ecological 
communities that are present and provide site-specific input to the pathways model. 

9.3.2.1 Locations for Veaetative SamDlinq 

Vegetation sampling for phytosociological data will be performed at OU6 IHSSs, along the Unnamed 
Tributary, and along North and South Walnut Creek. A systematic walk-through of these areas will be 
conducted in the spring, summer, and fall to observe species composition. 
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A stratified randomization procedure will be utilized to identify sampling locations for the quantitative 
vegetative description portion of the field inventory. The basis for selecting a random procedure of 
vegetation transect/plot location is to obtain as unbiased an estimator as possible of true population 
parameters for herbaceous cover and shrub/tree density and frequency. Stratification is required 
because several distinct vegetation types appear to be present in the study area, including prairie 
grassland, marsh, streambank vegetation, well-vegetated disturbed areas, and sparsely vegetated 
disturbed areas. 

The basis for stratification will be a vegetation type map, to be prepared based on the 1975 University 
of Colorado vegetation map of Rocky Flats and the Clark et at. (1980) report, updated by visual 
observations during the field surveys. This map will cover the Walnut Creek drainage. 

Transects for the quantitative community surveys will be located near soil sampling sites (see Subsection 
7.2) wherever possible. From each soil sampling point, the centerpoint of a vegetation transect will be 
selected based on a random distance (to 10 m) and random direction, using random numbers tables. 
Transect locations will be selected until an adequate number have been selected for each major 
vegetation type at each IHSS. Locations will be discarded under several conditions: where the selected 
location is in a vegetation type for which an adequate number of transects has already been selected 
(for each IHSS); where the vegetation is not homogeneous (i.e., located in more than one type or across 
an ecotone); and where the transect would be located in buildings or paved areas. A similar process 
will be used for transects along the Unnamed Tributary, and North and South Walnut Creek, where 
sample locations will be located in the general area of surface-water/sediment sampling points. Since 
vegetation types associated with these features tend to be linear, the randomization process may require 
limits on direction. Multiple transects will be located near (within 50 meters of) each surface 
water/sediment sampling point to provide an adequate sample size. 

9.3.2.2 Locations for PeriRhvton. Macrobenthos and Fish SamRlinq 

Periphyton, macrobenthos, and fish samples will be collected at the following surface water sampling 
locations: SW-96, SW-100, SW-110, SW-111, SW-16, SW-24, SW-25, SW-03, and the four A-Series and 
five B-Series Ponds (Figure 9-6). Should the organisms or proper habitat be absent at a particular 
location, then the nearest location downstream with suitable habitat will be sampled and located on a 
map. Sampling at OU6 will be coordinated with OU6 surface water and sediment sampling activities 
as well as with nearby OU sampling programs. Although duplicate sampling locations may be 
designated in various work plans, such locations will only be sampled once. The resultant data will then 
be distributed for use in each of the appropriate reports. 
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Both sediment and surface water quality data will be collected at the same locations and time as the 
aquatic biota sampling. Sampling locations may be altered to ensure these efforts are coordinated. 
Sampling locations for aquatic biota may also be altered depending on DQOs or required sample size. 

9.3.2.3 Locations for Wildlife SamDling 

A terrestrial wildlife inventory will be conducted within OU6, along North and South Walnut Creek, and 
along the Unnamed Tributary. Small mammal sampling will be conducted, to the extent possible, at the 
vegetative sampling locations. Searches for reptiles will be conducted in the appropriate habitats within 
OU6. 

9.3.2.4 Locations for Initial Toxicitv Testinq 

Locations for initial aquatic toxicity testing will be mostly the same as those for periphyton, 
macrobenthos, and fish sampling: SW-96, SW-100, SW-110, SW-111, SW-16, SW-24, SW-25, SW-03 and 
the four A-Series and five 6-Series Ponds (Figure 9-6). Toxicity testing activities for OU6 will be 
coordinated with toxicity testing activities proposed for nearby OUs. 

9.3.2.5 Tissue SamDlina Locations 

Locations for the collection of tissue samples (terrestrial vegetation, periphyton, benthos, macrobenthos, 
fish) will be the same as those for terrestrial and aquatic sampling. An initial identification of species 
for tissue sampling will be made in Task 2. Additional sampling requirements will be determined during 
the contamination assessment nasks 4 through 7) and contaminant data from surface water, soil and 
sediment sampling. The intent is to collect tissue samples where existing abiotic media sampling has 
indicated significant contamination to occur. Development of the OU6 tissue sampling program will be 
coordinated with other OU programs. 

9.3.2.6 SamDle Freauency 

Brief field surveys will be conducted during 1-week periods in the spring, summer, fall, and winter. 
Special note of transitory species, migratory species, and seasonal breeding habits will be made during 
these multi-season surveys. 

Field inventory sampling will occur during the May-June and July-August timeframes. Samples collected 
during the inventory will be saved and used in the tissue analysis studies where sampling and analysis 
protocol have been established. 
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Initial toxicity tests will also be conducted during May-June (high flow) and September-October (low 
flow). Two acute and two chronic tests will be conducted within 1 to 2 weeks of each other during each 
season. If toxicity is observed in either acute or chronic tests at any one station, then a supplemental 
program will be designed for that location to determine if the toxicity is consistent and to determine the 
potential extent of the toxicant. 

9.3.3 Reference Areas 

Tissue analysis studies may require the sampling of contaminated and control areas in order to establish 
a relationship between contaminated conditions and background conditions in areas not exposed to 
Rocky Flats Plant contamination. Selection of reference areas may be based on criteria developed in 
the Task 1 preliminary planning process and may be coordinated with similar efforts at other OUs. 
Potential selection criteria include species to be sampled or similarity to OU6 in terms of topography, 
aspect, soils, vegetation, range type, and land use history. Reference areas should be upstream from 
drainage off Rocky Flats Plant and where windblown contaminants are of concern, upwind from 
prevailing air flow patterns through Rocky Flats Plant. 

Additional aquatic reference areas ideally should be located in Rock Creek depending on the selected 
measurement endpoints. A site visit will be made of the proposed aquatic sampling locations for OU6 
and nearby OUs. Habitat characteristics will be noted if not previously recorded in ongoing Rocky Flats 
Plant studies (depth, flow, substrate type, pool/riffle, aquatic/streamside vegetation, etc.). This process 
will be repeated at potential reference sites. 

Reference areas will be selected only after criteria, data quality objectives, and measurement endpoints 
are identified. The process for selecting reference areas will be developed in discussions and working 
sessions of the Risk Assessment Technical Working Group. 

9.3.4 Field Survey and Inventory Sampling Methods 

Sampling methods for periphyton, benthic macroinvertebrates, fish, mammals, birds, reptiles and 
amphibians, terrestrial arthropods, and terrestrial vegetation are detailed in the Ecology SOPs. The 
SOPs include several standardized forms to be used when sampling biota. Site Description Form 5.OD 
will be used for sampling terrestrial biota; stream and pond habitat description forms (Forms 5.OA and 
5.08) will be completed at each of the aquatic sampling locations. Chain-of-custody field sample forms 
will be completed where samples are collected for laboratory analysis or voucher specimens. Additional 
forms to be completed are specified in the following subsections. 
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9.3.4.1 Veaetation 

Both qualitative and quantitative methods will be used to characterize the terrestrial and wetland 
vegetation at OU6. Qualitative surveys using a relev6 analysis (see Ecology SOP) will be conducted 
in the spring, summer, and fall to record the floristic composition of the plant communities present. 
These qualitative surveys will include a systematic walk-through of OU6. Voucher specimens will be 
collected as necessary for the taxononic identification. The following data will be recorded on all 
vegetation species encountered: 

0 Scientific name 
0 Common name 
0 Life form 

Vegetative stage at the time 
0 Qualitative statement on condition 

Qualitative statement on abundance (relev6 analysis - see Ecology SOPS, EG&G, 

1991g) 

0 

0 

Quantitative procedures will be used to collect structural and compositional data. Point-intercept 
transects will be used to collect data on species cover. Data will be recorded on Form 5.108, Point- 
Intercept Data Form. Belt transects will be used in conjunction with the point-intercept transects to 
collect data on shrub cover and density. Trunk diameter, height, canopy diameter, and species will be 
recorded for any trees within the belt transect or within any IHSS. Shrub and tree data will be recorded 
on Form 5.10C, Belt Transect Data Form. Production data (standing biomass) will be collected from 
1/4- to 1-m2 quadrants at the same locations as the transects. Different quadrant sizes may be used 
depending on vegetation type (e.g., a 1 /4-m’ quadrant may be used on dense streambank vegetation). 
Production data will be recorded on Form 5.10D. 

Each plot or transect will be considered as an observation in calculating the mean and variance. 
Sample adequacy will be determined for total herbaceous cover/total fresh weight biomass using 
Cochran’s formula (1977): 

where: N = the minimum number of samples needed 
t = 

s = the variance estimate 
x = 

d = the level of accuracy desired 

t distribution value for a given level of confidence 

the mean of the sample 

2 
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Sample adequacy will be obtained for each vegetation/habitat type within OU6. Where OUs overlap, 
habitats within the overlap area will only be sampled once and data will be applied to each OU. An 80% 

level of accuracy will be used to characterize total cover and total fresh weight in the vegetation 
communities. Where the vegetation community is disturbed or otherwise highly variable, a lower 
standard of accuracy may be used (e.g., 60%) to avoid excessive sampling. 

9.3.4.2 Terrestrial Wildlife and Invertebrates 

The Task 3 survey is planned to note the presence or absence of terrestrkl/wetland species and to 
make note of their food habits. The survey procedure will include a systematic walk-through of the 
Walnut Creek Drainage to record ecological features. Field data will be recorded on the standardized 
Qualitative Survey/Relative Abundance Data Form 5.0C for large mammals, small mammals, birds, 
reptiles and amphibians, and terrestrial arthropods. Opportunistic observations of bird and raptor nests, 
large mammal pellets and mammal burrow/dens will be recorded on the appropriate forms. 
Vocalization surveys for birds and anurans will also use the appropriate forms. Data to be recorded 
include: 

Species encountered/observed 
Scientific name 
Common name 
Qualitative statement on: 

Condition 
Abundance 
Habitat requirements 
Predator/prey species/food habits 
Regulatory status (to be determined prior to field sampling) 

Species presence will be determined by: 

Visual observation 
Vocalization 
Burrowlden 
Nest 
Droppings/scat 

Quantitative information on wildlife populations will be obtained in the Task 3 field inventory. Inventory 
sampling will include the following procedures, which are detailed in the SOPS: 

Live trapping of small mammals at each IHSS and along the drainages. Data to be 
recorded include: 

Scientific name/common name 
Sex 
Reproductive condition 
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Weight 
Life history stage 

e Reptile occurrence will be recorded along the same transects used for small mammal 
trapping in addition to habitat searches. Data to be recorded include: 

Species encountered 
Activity 
Habitat 
Qualitative statement on abundance 

e Medium- and larger-sized mammals will be counted by recording all species along a 
systematic walkthrough of OU6. The counting will occur during the small mammal 
transect trapping. Species encountered and activity will be recorded. 

e Foliage invertebrates will be collected by sweep net and beating. Where conditions 
permit, foliage invertebrate and arthropod sampling may be conducted using a D-vac 
suction sampler in place of sweep netting (see Ecology SOPs). Data to be recorded 
will include: 

Host plant 
Herbivore 
Position in food web 

9.3.4.3 PeriDhVton 

Sampling to characterize periphyton communities will occur at the selected locations along the 
Unnamed Tributary, North and South Walnut Creek, and the A- and B-Series Ponds (See SOPs). 
Triplicate samples will be taken on a transect upstream and within 10 meters of the designated sampling 
locations. Data to be collected include: 

e' Scientific name 
e Algal density (cell counts of each taxon) 

Biomass (chlorophyll-a and phaeophytin-a concentrations) e 

Field data will be recorded on the Periphyton Field Sample Form 5.1A (see SOP). Data from quantitative 
sampling will be used to determine species diversity and standing crop (biomass). Voucher samples 
will be retained. All analyses will be completed within five days of the collection of the slides from the 
field (US. €PA 1987b). 

9.3.4.4 Macrobenthos 

Benthic invertebrates are the most common fauna used in ecological assessments of contaminant 
releases and are defined as the invertebrates retained by screens of mesh size greater than 0.2 mm. 
Macrobenthos will be sampled at the aquatic sampling locations shown on Figure 9-6 using the 
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procedures described in the SOPS. Triplicate samples will be taken on a transect upstream and within 
10 meters of the designated sampling locations. Data to be collected include: 

0 Scientific name (generally to genus) 
0 Number of individuals in each taxon 

Field data will be recorded on the Benthic Macroinvertebrate Field Sample Form 5.2A. Data from 
quantitative samples will be used to determine macroinvertebrate density (standing crop), taxa richness, 
and taxa diversity. Voucher specimens will be retained. 

9.3.4.5 Fish 

Fish will be collected in 10- to 25-meter-long collection areas using a backpack shocker or by seining 
blocked-off creek sections. In the A- and B-series Ponds, fish will be sampled from a flat-bottom boat 
using an electroshocker. Data to be collected include: 

0 Scientific name 

0 Length 
0 Weight 

Number of individuals in each taxon 

Scales will be collected to obtain data on age classes versus size, population structure and survivorship. 
Field data will be recorded on the Fish Field Inventory Form 5.48 (see SOP). Samples will be taken for 
laboratory identification/confirmation. Analyses will consist of compiling and summarizing the number, 
size, and weight of each species of fish captured at each sampling site. Graphic presentations may 
include fish length-frequency histograms and plots of catch-per-effort for each sampling area. 

9.3.5 Initial Toxicity Tests 

The initial toxicity testing program will be limited to aquatic organisms and will include standardized EPA 
acute and chronic tests with fathead minnows and Ceriodaphnia spp.. Water samples will be coded 
to 4OC and shipped to the laboratory conducting the toxicity tests within 12 to 24 hours. The toxicity 
tests will be initiated within 36 hours of the field collection time. The duration of the static renewal acute 
tests will be 48 hours for Ceriodaphnia and 96 hours for fathead minnows. The test water will be 
renewed daily using dilution water from the sampling station. The static renewal chronic tests will last 
for 7 days for fathead minnows and until 60 percent of the Ceriodaphnia spp. in the control vessels have 
three broods. Quality control procedures will conform to the EPA requirements for NPDES toxicity 
testing currently being used at Rocky Flats and to the QAPjP. 
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9.3.6 Tissue Analysis Sampling Methods 

The methodologies selected for tissue analysis studies will depend on the contaminants of concern and 
their anticipated effects on the selected key receptor species. Contaminants of concern and key 
receptor species will be determined as early as possible in Task 2. It is anticipated that m e  biota 
samples collected in the Task 3 field inventory can be used for tissue analysis. Standardized site 
protocol for preserving samples for tissue analyses will be followed in those instances where it is 
anticipated that tissue analyses will be conducted. 

Analyses for metals and radionuclides in biota may call for a greater biomass of tissue than is available 
through standard collection methods. At least 80 grams of material (wet weight) is needed per sample 
for metals analysis, and 100 grams of material (dried and ashed) is needed for radionuclides. Obtaining 
this amount of sample may be impractical for some species of vegetation, periphyton, benthos, and 
macrobenthos. It is also not the intent of the sampling program to cause unnecessary disturbance or 
damage to the biota communities in order to collect sufficient samples. Sampling design will be 
adequate to ensure statistically valid results. DQOs for the tissue sampling program will be evaluated 
with respect to this determination prior to field collection activities. 

Based on the literature reviewed and the information presented in this report, it is anticipated that most 
tissue samples will be analyzed for metals and very few samples, if any, may be analyzed for 
radionuclides. Tissue samples collected for contaminant analysis will be sent to a laboratory for specific 
metals and radionuclide analyses as determined in the preliminary Task 1 /Task 2 environmental 
evaluation. Analytical methods will follow SOPs. 

Holding times, preservation methods, sample containers, and field and laboratory quality control sample 
numbers are contained in the Quality Assurance Project Plan (QAPjP) and shown in Table 9-7. Tissue 
sampling protocol for biota are not necessarily standardized and may vary depending upon the 
laboratory conducting the analyses. Specific sample preparation requirements will be reported in SOPs 
which are currently in development. 

9.3.7 Sampling Equipment 

Equipment for field sampling of biota are identified in the Volume V Ecology SOPs (EG&G, 19919). 

9.4 SCHEDULE 

The following Figure 9-7 presents a proposed schedule for implementation of the OU6 environmental 
evaluation. The schedule follows the task approach presented in this environmental evaluation. While 
many of the tasks are sequential, most tasks will overlap in time. The months indicated in the table 
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reflect the timeframe in which the activity will occur and not necessarily the amount of time necessary 
to complete the task. The schedule is provisional and likely to change depending on the Phase I OU6 
RFI/RI activity schedule as well as schedules from other OUs. 
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Environmental Management 

QUALITY ASSURANCE ADDENDUM 

10.0 

QUALITY ASSURANCE ADDENDUM 

The following document is the Quality Assurance Addendum which establishes the specific quality 
assurance controls applicable to the field investigation activities described in this RFI/RI Work Plan for 
OU6. This document was developed separately from the other sections of this report; therefore, this 
section is formatted differently. This section includes a separate table of contents, and the pages are 
numbered sequentially instead of sectionally. 
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INTRODUCTION AND SCOPE 

This Quality Assurance Addendum (QAA) supplements the "Rocky Flats Plant Site-Wide Quality 

Assurance Project Plan for CERCLA Remedial Investigation/Feasibility Studies and RCRA Facility 

InvestigationsKorrective Measures Studies Activities" (QAPjP). The QAA establishes the specific 

Quality Assurance (QA) controls applicable to the field investigation activities described in the 

Phase I RCRA Facility lnvestigationsmemedial Investigations (RFI/RI) Work Plan for the Walnut 

Creek Drainage (Operable Unit No. 6) (OU-6 Workplan). 

1 .O ORGANIZATION AND RESPONSIBILITIES 

0 The overall organization of EG&G Rocky Flats and the Environmental Management (EM) divisions 

involved in environmental restoration activities is shown in Figures 1-1, 1-2, and 1-3 of Section 1 .O 

of the QAPjP. Individual responsibilities are also described in Section 1 .O of the Quality Assurance 

Project Plan (QAPjP). 

Contractors will be tasked by EG&G Rocky Fiats to implement the field activities outlined in the 

OU-6 Workplan. The specific ER Depanment personnel who will interface with the Contractors and 

who will provide technical direction are shown here in Figure 1. 

2.0 QUALITY ASSURANCE PROGRAM 

The QAPjP was written to address QA controls and requirements for implementing Interagency 

Agreement (IAG) related activities. As such, the controls and requirements addressed in the QAPjP 

are applicable to OU-6 Phase I activities, unless specified otherwise in this QAA. As a supplement 

to the QAPjP, this QAA addresses additional and site-specific QA controls and requirements that 

are applicable to OU-6 Phase I activities. 0 
866D0286.006 
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FIGURE 1. PROJECT MANAGEMENT FOR OPERABLE UNIT 6, 
WALNUT CREEK PRIORITY DRAINAGE, PHASE I RFI/RI 
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2.1 Training 

All EM Department, EG&G Rocky Flats, and contractor personnel performing field activities at OU-6 

shall complete the minimum training requirements specified in Section 2.0 of the QAPjP. In 

addition, all personnel performing activities in accordance with the EG&G Environmental Monitoring 

and Assessment Division (EMAD) Operating Procedures (OPs), which are also referred to as EG&G 

Rocky Flats Standard Operating Procedures (SOPs), specified in this QAA shall receive documented 

training on the QAPjP, this QAA, and training specified in the applicable SOPs prior to performing 

the work. Such personnel include, but are not limited to, those performing or supervising the 

following activities: 

Drilling/boring; 

Installation/completion of groundwater monitoring wells; 

Sample collection (all media); 

Sample chain-of-custody/preservation/handling; 

Equipment decontamination; 

Field measurements (e.g., pH, conductivity, temperature, dissolved oxygen, flow 

rate); 

Water level measurements; 

Data validation; and 

Environmental surveying and sample collection. 

3.0 DESIGN CONTROL AND CONTROL OF SCIENTIFIC INVESTIGATIONS 

The OU-6 Workplan is the investigation design control plan for the RFI/RI activities to be conducted 

in the Walnut Creek Priority Drainage Area. The sampling rationale and investigation program, 

including sample locations, frequency, and analytical requirements, are presented in the OU-6 Work 

Plan and are summarized in this QAA. Specific SOPs to be implemented by EG&G Rocky Flats and 

Contractor personnel during all aspects of the field investigation are also identified here. 0 
B6SD0296.006 
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3.1 Data Quality Objectives 

3.1.1 Pbiectives 

The Field Sampling Plan (Section 7.0) of the OU-6 Workplan is designed to obtain data necessary 

to characterize the physical and hydrologic setting of the Individual Hazardous Substance Sites 

(IHSSs) within the Walnut Creek Priority Drainage area, assess the presence or absence of 

contamination, characterize the nature and extent of contamination at the sites, and support the 

Baseline Risk Assessment and Environmental Evaluation. A stepped approach as outlined in the IAG 

will be used to accomplish these objectives. The following activities will be performed as part of 

the RFI/RI Field Sampling Plan: 

0 Review existing data, including aerial photographs and site records; 

Conduct field screenings, including radiation, geophysical, soil, and gas surveys; 

Collect surface water, surface soil, and sediment samples; 

Drill to collect soil samples at depth and characterize subsurface soil, geologic, and 

hydrogeologic conditions; and 

Install and sample groundwater monitoring wells. 

0 

0 

0 

0 

Site-specific RFl/Rl objectiveddata needs and corresponding methods of sampling/analysis are 

outlined in Table 4-1 of the OU-6 Work Plan. 

In addition to the Field Sampling Plan activities described in Section 7.2 of the OU-6 Work Plan, 

environmental evaluation (EE) field activities will be conducted as described in the Environmental 

Evaluation Work Plan for OU-6 (Section 9.0 of the OU-6 Work Plan). These EE activities include: 

0 Identification and delineation of habitats and vegetation mapping units; 

Characterization of biota present at OU-6, which involves performing field surveys 

0 Selection of reference areas; 

0 

and sampling terrestrial and aquatic ecosystems; 

0 Initial toxicity investigations 
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Table 4-1 of the OU-6 Work Plan lists the analytical levels that are appropriate to the RFI/RI 

objectbeddata needs and data uses. (These analytical levels are discussed and described in 

Appendix A of the QAPjP.1 The analytical levels for the Phase I investigations at OU-6 include 

levels I-V. 

The data quality objectives for analytical levels I and I I  field measurement, sampling, and analysis 

activities consist of establishing instrument readability or detection limits and accuracy objectives. 

Accuracy objectives for field instruments will be determined by calibrating instruments to known 

standards. Readability/detection limits and accuracy objectives for field instruments are listed in 

the appendix of this QAA. 

The analytical program requirements for the OU-6 Phase I investigations are discussed in Section 

7.3.2 of the OU-6 Work Plan. The specific analytes for the various media at each of the OU-6 

IHSSs are contained in Table 7-9 of the OU-6 Work Plan. The analytical program specifies the use 

of analytical methods referenced in the EG&G Rocky Flats General Radiochemistry and Routine 

Analytical Services Protocol (GRRASP) for all analytes. These analytical methods and associated 

controls are appropriate for meeting the data quality requirements for analytical levels IV and V. 

The precision, accuracy, and completeness parameters for analytical levels IV and V are discussed 

below, along with comparability and representativeness for all levels. The following DQOs for 

precision, accuracy, and completeness will be used by the EG&G Environmental Assessment and 

Monitoring Division (EMADI or its contractors to evaluate the quality of laboratory and field data. 

@ 

3.1.2 Precision and Accuracy 

CLP Analyses: The DQOs for precision and accuracy for the analytical methods referenced in the 

GRRASP, which includes EPA CLP protocols and standard EPA methods when CLP protocols are 

unavailable, are included in Appendix B of the OAPjP. Since the analytical program for OU-6 will 

utilize the analytical methods referenced in the GRRASP, these objectives are applicable to the OU- 

6 RFIIRI. These objectives are reproduced here in Appendix A.  
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3.1.3 Comdeteness 

The target completeness objective for both field and analytical data for this project is 100 percent, 

with a minimum acceptable of 90 percent. 

3.1.4 ComDarability 

Comparability is a qualitative parameter that shall be ensured by implementation of an approved 

sampling and analysis plan, standardized analytical protocols, and SOPs for field investigations 

(discussed in Section 1 1  of the OU-6 Work Plan and listed here in Table 1 1 ,  and by reporting data in 

uniform units as specified in the OU-6 Work Plan and SOPs listed in Table 1 .  

3.1.5 ReDresentativeness 0 
Representativeness is a qualitative parameter that is ensured through the careful development and 

review of the sampling and analysis strategy outlined in the OU-6 Work Plan and SOPs for sample 

collection and analysis and field data collection. 

3.1.6 DQOs for Environmental Evaluation lnvestiaations 

The purpose of the OU-6 €E Work Plan (Section 9.0 of the OU-6 Work Plan) is to provide a 

framework for addressing risks to the environment from contaminants within OU-6. The field 

sampling activities discussed in the EE Field Sampling Plan (Section 9.3 of the OU-6 Work Plan) are 

intended to characterize the terrestrial and aquatic biota of OU-6 and reference areas established as 

control sites. Field sampling and analysis will consist of qualitative and quantitative field surveys 

and sample collection to provide data that will be analyzed to establish estimates of species 

composition, relative abundance, dominance, cover, and distribution. Samples will also be 

collected and stored for later analysis of contaminant loading in tissues. 

0 These characterization activities are considered screening activities that typically require analytical 

level I and II data. These characterization data will then be used, along with the OU-6 RFI/RI 

868W296.006 
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characterization and source contamination data, to develop the conceptual model for the EE study. 

Data quality for these characterization activities will be controlled by adhering to the field sampling 

SOPS in implementing the Field Sampling Plan. 

The conceptual model developed for the OU-6 ecosystem will assist investigators in identifying site- 

specific target species, contaminants of concern, and potential exposure pathways. Additional 

DQOs for the contamination assessment tasks (Tasks 4 through 7 of the EE Work Plan) and the 

ecotoxicological studies (Task 8) will then be developed following steps recommended by the EPA 

in EPA/600/3-89/013, Ecoloaical Assessments of Hazardous Waste Sites: A Field Guide and 

Laboratorv Reference Document, and EPA/540/G-90/008, Guidance for Data Usabilitv in Risk 

Assessment. The ecosystem characterization data and preliminary aquatic toxicity investigation 

data that will be obtained by implementing the Field Sampling Plan are needed to develop these 

additional DQOs. 

0 
3.2 Sampling Locations and Sampling Procedures 

The Phase I field investigation programs, including sampling procedures and sampling locations, for 

each IHSS within the OU-6 area are described in Section 7.2 and summarized in Tables 7-1 through 

7-7 of the OU-6 Work Plan. 

3.2.1 Radiation Survevs 

Radiation surveys will be performed over IHSSs 141, 143, and 165 (OU-6 Work Plan, Figure 2-1 ) 

according to SOP 1.16, Field Radiological Measurements. Radiation readings will be taken on a 25- 

foot grid over IHSSs 141 and 165, and on a 1 O-foot grid over IHSS 143. This sampling is 

considered a field screening activity with analytical level I data quality requirements. 

3.2.2 Soil Gas SurveyS 

A soil gas survey will be conducted over IHSS 165 (OU-6 Work Plan, Figure 7-11. Soil gas samples 

will be taken on a 50-foot grid according to the procedures described in SOP 3.9, Soil Gas 0 
86800296.006 
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Sampling and Field Analysis. This sampling and data collection is also considered a field screening 

activity with analytical level I data quality requirements. 

3.2.3 GeoDhvsical Survey 

Surface geophysical techniques will be utilized to estimate the location and lateral extent of 

Trenches A, B, and C at IHSS 166 (OU-6 Work Plan, Figure 705). Electromagnetic (EM) methods 

will be employed, as described in Section 7.2.5 of the OU-6 Work Plan. This sampling and data 

collection is also considered a field screening activity with analytical level I data quality 

requirements. 

3.2.4 -Q 

Surface soil samples will be collected to a depth of 2 inches at IHSSs 141, 167, 21 6.1 , and at 

areas identified by the radiation survey as having above-background radiation levels at IHSS 143. 

Surface soil samples will be collected according to SOP 3.8, Surface Soil Sampling. Samples will 

be collected on a 25-foot grid over IHSS 141 (OU-6 Work Plan, Figure 7-11, on a 50-foot grid over 

IHSS 167 (OU-6 Work Plan, Figure 7-51, and a 200-foot grid over IHSS 21 6.1 (OU-6 Work Plan, 

Figure 7-3). Surface soil sampling and analysis is a contaminant characterization activity where the 

goal is to collect data of a known quality (Le., analytical level lV data quality requirements). 

3.2.5 Subsurface Soil Samdina and Collection of Soil Cores 

Subsurface soil samples will be collected from soil borings in IHSSs 143, 165, and 166. Soil 

borings will be drilled according to SOP 3.2, Drilling and Sampling Using Hollow-Stem Auger 

Techniques. Subsurface samples will consist of soil cores collected according to continuous auger 

coring techniques described in SOP 3.2. Soil borings in IHSS 143 will be drilled on a 20-foot grid 

(OU-6 Work Plan, Figure 7-5). At IHSS 165, soil cores will be collected after every 25 soil gas 

samples for analysis to confirm the results of the soil gas survey. If plumes are identified by the 

soil gas survey, soil borings will be utilized to transect the plane, with soil samples taken 

continuously during drilling. 0 
866DO296.006 
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At IHSS 166, soil borings will be drilled on 25-foot centers along the long axis of each trench IOU- 

6 Work Plan, Figure 7-51, The specifics of the soil sampling program are described in Section 7.2 

of the OU-6 Work Plan. The purpose of this sampling and subsequent analysis is to obtain 

contaminant characterization information, where data is of a known quality. Therefore, this activity 

requires analytical level IV data quality. 

3.2.6 Surface Water and Sediment SamDlinq 

Surface water and sediment samples will be collected from the four A-series Detention Ponds and 

the five B-series Detention Ponds at IHSS 142.12 (OU-6 Work Plan, Figure 7-2 and 7-3). The 

water sampling and sediment sampling design for the ponds are described in Section 7.2.2 of the 

OU-6 Work Plan. In addition to the pond sampling, sediment samples will be collected along 

Walnut Creek (OU-6 Work Plan, Figure 7-41. Water samples will be collected according to SOP 

4.8, Pond Sampling, and the addendum to SOP 4.8 described in Section 1 1.2 of the OU-6 Work 

Plan. Sediment samples will be collected according to SOP 4.6, Sediment Sampling, and the 

addendum to SOP 4.6 described in Section 1 1 . 1  of the OU-6 Work Plan. Laboratory analytical data 

obtained from this sampling and analysis should be of a known quality (i.e., analytical levels IV and 

V data quality requirements). Surface water field data measurements are considered 

characterization screening data with analytical level I and II data quality requirements. 

' 
3.2.7 Groundwater Samding 

Monitoring wells will be installed downgradient from IHSSs 141, 142, 166, and 167 to monitor and 

sample alluvial groundwater flowing underneath the IHSSs. Monitoring wells will also be installed 

within IHSS 165 to monitor the saturated alluvium in the Triangle Area. The numbers of wells, 

proposed depths, sampling frequencies, and locations are discussed in Section 7.2 of the OU-6 

Work Plan. The wells will be drilled according to SOP 3.2, Drilling and Sampling Using Hollow- 

Stem Auger Techniques, and installed according to SOP 3.6, Monitoring Well and Piezometer 

Installation. The wells will be developed according to SOP 2.2, Well Development. Groundwater 

samples will be collected according to SOP 2.6, Groundwater Sampling. Analytical data from these 

samples will be of a known quality (analytical level IV data quality). Groundwater field 
a 

86080286.006 
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measurements, with analytical level I and II data quality requirements, will be obtained according to 

SOP 2.5, Measurements of Groundwater Field Parameters. Water level measurements will be 

obtained according to SOP 2.1, Water Level Measurements in Wells and Piezometers, to provide 

geohydrologic characterization data. This data is considered analytical level I quality data. 

3.3 Analytical Procedures 

The analytical program for OU-6 Phase I RFI/RI activities is discussed in Section 7.3 of the OU-6 

Work Plan. The analytical methods that shall be adhered to are those that are specified in the 

GRRASP. These methods are referenced in Section 3.3.3 of the QAPjP. Specific analytical 

methods for each analyte are also referenced here in Appendix A.  

3.4 Environmental Evaluation: Summary of Surveying and Sampling 0 
The Environmental Evaluation Work Plan for OU-6 (Section 9 of the OU-6 Work Plan) consists of 10 

tasks. Task 3 of the EE consists of the initial field investigations that will be conducted to further 

characterize the terrestrial and aquatic ecosystems of the Walnut Creek Priority Drainage, and 

provide input to the development of the OU-6 ecosystem model. The field investigations to be 

implemented are described in the Field Sampling Plan (Section 9.3 of OU-6 Work Plan). 

Field investigations consist of field surveys that will provide qualitative information and field 

sampling that will provide quantitative characterization data. Field samples will be collected for the 

following environmental parameters: 

0 Terrestrial vegetation (including wetland vegetation along North and South Walnut 

Terrestrial wildlife (including small and large mammals, reptiles, and birds), 

Creek and the Unnamed Tributary), 

0 

0 Terrestrial arthropods (invertebrates), 

0 Periphyton, 

0 Benthos, and 
0 Fish. 

86800296.006 
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Preliminary sampling locations are described in the OU-6 EE Work Plan. The applicable SOPs for EE 

field sampling are listed in Table 1 as SOPs 5.1 through 5.13. 

3.5 Equipment Decontamination 

Non-dedicated sampling equipment shall be decontaminated between sampling locations in 

accordance with SOP 1.3, General Equipment Decontamination. Other equipment le.g., heavy 

equipment) potentially contaminated during drilling, hydrogeologic/geologic testing, boring, sample 

collection, etc. shall also be decontaminated as specified in SOP 1.4, Heavy Equipment 

Decontamination. 

3.6 Air Ouality 

e Air monitoring will be conducted during implementation of field activities that have the potential to 

create windblown dispersion of contaminants, including drilling, coring, and installation of boreholes 

and monitoring wills. Air monitoring will ensure that OU-6 RFI/RI activities comply with the RFP 

Interim Plan for Prevention of Contaminant Dispersion. Air monitoring will be conducted according 

to SOP 1 .l , Wind Blown Contaminant Dispersion Control. Ambient Air concentration modeling will 

also be conducted using a Chi/Q approach to estimate potential environmental risk that may result 

from airborne transport of OU-6 contaminants. 

3.7 Quality Control Samples 

To assure the quality of the field sampling techniques, collection and/or preparation of field quality 

control (QC) samples are incorporated into the sampling scheme. Field QC samples and collection 

frequencies for the field investigations are shown in Table 2. A specific sampling schedule will be 

prepared by the sampling subcontractor for approval by the EM AD laboratory analysis task leader 

(Figure 1 ) prior to sampling. 
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TABLE 2 
FIELD QC SAMPLE COLLECTION FREQUENCY 

Activity Freauencv 

Field Duplicate 

Field Preservation Blanks2 

Trip Blank3 

Equipment Rinsate Blank 

Triplicate Samples (benthic samples) 

1 in 10’ 

1 sample per shipping container (or a 
minimum of 1 per 20 samples) 

1 in 204 

1 in 20 or 1 per day, whichever is 
more frequent 

For each sampling site. 

1. 
2. 
3. 
4. 

5. 

Or per sampling event, whichever is more frequent. 
For samples to be analyzed for inorganics. 
For samples to be analyzed for volatile organics only. 
A trip blank shall not be used for radiochemistry samples because radionuclide samples are less likely to be 
contaminated from direct exposure to air than are samples of volatile organics. 
One equipment rinsate blank in twenty samples or one per day for each sDecific samDle matrix beina collected 
when non-dedicated equipment is being used. 
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In addition, a QC sample, which will consist of an extra volume of a designated field sample, shall 

be collected at a 5-percent frequency for each specific sample matrix. These QC samples shall be 

collected and submitted to the laboratory to allow for the analysis of laboratory prepared QC 

samples to provide the laboratory with a check on its internal operations. The volume required for 

the QC sample shall be double that of a normal sample. 

3.7.1 Obiectives for Field QC SamDles: 

Equipment rinsate blanks are considered acceptable (with no need for data qualification) if the 

concentration of analytes of interest is less than three times the required detection limit for each 

analyte as specified in Appendix A.  Field duplicate samples shall agree within 30 percent relative 

percent difference for aqueous samples and 40 percent for homogenous, non-aqueous samples. 

Trip blanks and field preservation blanks (for organics and inorganics, respectively) indicate possible 

field contamination when analytes are detected above the minimum detection limits presented in 

Appendix A.  The Laboratory Analysis Task Leader (Figure 1 )  is responsible for verifying these 

criteria and shall be responsible for checking to see if they are met and for qualifying data. 

3.7.2 Laboratorv QC 

Laboratory QC procedures are used to provide measures of internal consistency of analytical and 

storage procedures. The laboratory contractor will submit written SOPs to the laboratory analysis 

task leader for approval. The interlaboratory SOPs shall be consistent with or equivalent to EPA- 

CLP QC procedures. The laboratory SOPs must cover the following areas in sufficient detail and 

reflect actual operating conditions in effect during analysis of EG&G RFP samples: 

a Sample receipt and log-in 

0 Sample storage and security 

e Facility security 

0 Sample analysis method references 

e Sample tracking (from receipt to sample disposition) 

868DO296.006 
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Data reduction, verification, and reporting 

Document control (including submitting documents to EG&G) 

Data package assembly (see Section I1I.A of the GRRASP) 

Qualifications of personnel and resumes 

Preparation of standards 

Equipment maintenance and calibration 

List of instrumentation and equipment (including date purchased, date installed, 

model number, manufacturer, and service contracts, if any) 

Instrument detection limits 

Acceptance criteria for non-CLP analyses 

Laboratory QC checks applicable to each analytical method 

Laboratory QC techniques to ensure consistency and validity of analytical results (including 

detecting potential laboratory contamination of samples) include using reagent blanks, field blanks, 

internal standard reference materials, laboratory replicate analysis, and field duplicates. The 

laboratory contractor will follow the standard evaluation guidelines and QC procedures, including 

frequency of QC checks, that are applicable to the particular type of analytical method being used 

as specified in the GRRASP and Section 3.3 of the QAPjP. All data packages will be forwarded to 

the Laboratory Analysis Task Leader or validation contractor (Figure 1 ) for review and verification. 

3.8 Quality Assurance Monitoring 

To assure the overall quality of the RFI/RI activities discussed in the OU-6 Work Plan, field 

inspections will be conducted daily and audits and surveillances will be conducted at various 

intervals. The intervals will be determined by the importance and complexity of each activity. 

Intervals will also be based on the schedule contained in Section 6.0 of the OU-6 Work Plan. At a 

minimum, each of the field sampling activities described in the Field Sampling Plan (Section 7.0 of 

the OU-6 Work Plan) will be monitored by an independent surveillance team at least once during 

the sampling process. EG&G will conduct audits of the laboratory contractor(s) as specified in the 

GRRASP. The audits and surveillances, and activity Readiness Reviews are discussed further in 

Section 18. 
0 
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3.9 Data Reduction, Validation, and Reporting 

3.9.1 Analvtical ReDortina Turnaround Times 

Analytical reporting turnaround times are as specified in Table 3-1 of Section 3.0 of the QAPjP. 

3.9.2 Data Reduction 

Reduction of laboratory measurements shall be in accordance with the methods specified for each 

analytical method. Laboratory data will be compiled into sample data packages by the laboratory 

contractor. A sample data package shall be developed for each sample delivery group or sample 

batch, with separate data packages for each type of analysis (e.g., a data package for organics, 

one for inorganics, one for water quality parameters, and one for radionuclides). The sample data 

package shall consist of a cover sheet/transmittal letter, a case narrative, data summary forms, and 

copies of the data checklists found in Exhibit II of the GRRASP. The reduced data will be used in 

the data validation process to verify that the laboratory control and the overall system DQOs have 

been met. 

3.9.3 Data Validation 

Validation activities consist of reviewing and verifying field and laboratory data and evaluating 

these verified data for data quality (i.e., comparison of reduced data to DQOs, where appropriate). 

The field and laboratory data validation activities and guidelines are described and referenced in 

Section 3.0 of the QAPjP. The process for validating the quality of the data is illustrated 

graphically in Figure 3-1 of Section 3.0 of the QAPjP, and is also included as part of the sample 

collection, chain-of-custody, and analysis process illustrated in Figure 8-1 of Section 8.0 of the 

QAPjP. The criteria for determining the validity of ER data at Rocky Nats are described in 

subsection 3.3.7 of Section 3.0 of the QAPjP. 

86800296.006 
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3.9.4 Data ReDortinq 

Depending on the data validation process, data are flagged as either "valid," "acceptable with 

qualifications," or "rejected." The results of the data validation shall be reported in ER Department 

Data Assessment Summary reports. The usability of data (the criteria of which is also described in 

subsection 3.3.7 of Section 3.0 of the QAPjP) shall also be addressed by the RI Project Manager. 

4.0 PROCUREMENT DOCUMENT CONTROL 

Contractors will perform the field investigations described in the OU-6 Work Plan. Procurement 

document packages will require the contractors to implement all requirements contained in the 

OU-6 Work Plan, the QAPjP, this QAA, and all applicable SOPS referenced in these documents. 

Analytical services will also be contracted for analysis of field samples. Appropriate requirements 

from the QAPjP, this QAA, and the GRRASP shall be passed on to any organizations performing 

these analyses in the procurement document package. Contractors may also be utilized to validate 

analytical data packages. Applicable requirements from this QAA shall be transmitted to the 

validation contractor. 

The implementing contractors will be required to provide the materials necessary for performing the 

work described in the OU-6 Work Plan. 

Contractors may be required to submit a QA Program that meets the applicable requirements of the 

QAPjP and this QAA. 

5.0 INSTRUCTIONS, PROCEDURES, AND DRAWINGS 

The OU-6 Work Plan describes the activities to be performed. The plan will be reviewed and 

approved in accordance with the requirements for instructions, procedures, and drawings outlined 

in Section 5.0 of the QAPjP. 

866DO286.006 
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SOPs approved for use are identified in Table 1 ,  which also indicates their applicability. 

Environmental survey and sampling methods for environmental evaluations are discussed in the 

OU-6 Work Plan. Any additional quality-affecting procedures proposed for use but not identified 

here will be developed and approved as required by Section 5.0 of the QAPjP prior to performing 

the affected activity. 

6.0 DOCUMENT CONTROL 

The following documents will be controlled in accordance with the QAPjP: 

0 "Phase I RFI/RI Work Plan for Walnut Creek Priority Drainage (Operable Unit No. 6)"; 

"Rocky Flats Plant Site-Wide Quality Assurance Project Plan for CERCLA Remedial 0 

Investigation/Feasibiiity Studies and RCRA Facility Investigations/Corrective 

Measures Studies Activities" (QAPjP); 

Quality Assurance Addendum (QAA) to the Rocky Flats Site-Wide QAPjP for 

SOPs (all SOPs specified in the QAPjP, this QAA, and to-be-developed laboratory 

SOPS). 

0 

Operable Unit No. 6,  Walnut Creek Priority Drainage Phase I RFI/RI Activities; 

0 

7.0 CONTROL OF PURCHASED ITEMS AND SERVICES 

Contractors that provide services to supporl the OU-6 Work Plan activities will be selected and 

evaluated as outlined in Section 7.0 of the QAPjP. This includes preaward evaluation/audit of 

proposed contractors as well as periodic audit of the acceptability of contractor performance during 

the life of the contract. Any items or materials that are purchased for use during the OU-6 

investigations that have the ability to affect the quality of the data shall be inspected upon receipt. 

866D0286.006 
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8.0 IDENTIFICATION AND CONTROL OF ITEMS, SAMPLES, AND DATA 

8.1 Sample ContainerslPreservation 

Appropriate volumes, containers, preservation requirements, and holding times for samples are 

presented in Tables 8-1 through 8-4 of Section 8.0 of the QAPjP. Requirements for environmental 

evaluation samples are included here in Table 3. 

8.2 Sample Identification 

RFI/RI samples shall be labeled and identified in accordance with Section 8.0 of the QAPjP and the 

SOPS in Table 1 .  Samples shall have unique identification that traces the sample to the sourceb) 

and indicates the method(s), date, the sampleds), and conditions prevailing at the time of sampling. 
0 

8.3 Chain-of-Custody 

Sample chain-of-custody will be maintained through the application of SOP 1.13, Containerizing, 

Preserving, Handling, and Shipping of Soil and Water Samples, and as illustrated in Figure 8-1 of 

the QAPjP for all environmental samples collected during field investigations. 

9.0 CONTROL OF PROCESSES 

The overall process of collecting samples, performing analysis, and inputting the data into a 

database is considered a process that requires control. The process is controlled through a series 

of written procedures that govern and document the work activities. The process is illustrated 

diagrammatically in Section 8.3.2 of the QAPjP. 
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10.0 INSPECTION 

Procured materials and construction activities (e.g., groundwater monitoring well installation) shall 

be inspected (as applicable) in accordance with the requirements specified in Section 10.0 of the 

QAPjP. 

1 1  .O TEST CONTROL 

Test control requirements specified in Section 1 1 .O of the QAPjP are not applicable to inny of the 

RFI/RI investigations described in the OU-6 Work Plan. 

12.0 CONTROL OF MEASURING AND TEST EQUIPMENT (M&TE) 

12.1 Field Equipment 

Specific conductivity, temperature, pH, and dissolved oxygen content, chlorine, turbidity, and 

alkalinity of water samples shall be measured in the field. Field measurements will be taken and 

the instruments calibrated as specified in SOP 4.2, Field Measurements of Surface Wa1:er 

Parameters. Measurements shall be made using the following equipment (or EG&G-approved 

alternates): 

Temperature: mercury-filled teflon-coated safety type thermometer (VWR cataloiaue No. 

61 07-832 or equivalent), or digital readout thermistor (VWR Catalogue No. 61 0'1 7-562 or 

equivalent) 

Specific Conductivity: HACH 44600 ConductivityTTDS Meter 

Dissolved Oxygen: HACH or YSI Model 57 Dissolved Oxygen Meter 

pH: HACH One pH Meter (this meter may also be used for temperature measurements) 

Chlorine and Turbidity: HACH DR2000 spectrophotometer 
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Alkalinity: HACH digital titrator 

In addition to the field measurements for water quality, field measurements for radiation, soil gas, 

and VOCs in ground water will also be made. The following instruments will be used for these 

measurements. 

Radiological field readings for field survey grid locations and drill cuttings, core, and samples: 

A side-shielded field instrument for detection of low energy radiation (FIDLER), Ludlum Model 

12-1A or equivalent. Use, calibration, and maintenance according to SOP 1 . l e ,  Field 

Radiological Measurements. 

Field readings for soil gas and VOCs in groundwater: A portable photoionization detector 

(PID), HNU Systems P1-101 or equivalent. Use, calibration, and maintenance according to 

SOP 1 . 1  5, Photoionization Detectors (PIDs) and Flame Ionization Detectors (FIDs). 

0 Each piece of field equipment shall have a file that contains: 

Specific model and instrument identification number; 

Operating instructions; 

Routine preventative maintenance procedures, including a list of critical spare parts to be 

provided or available in the field; 

Calibration methods, frequency, and description of the calibration solutions; and 

Standardization procedures (traceability to nationally recognized standards). 

The above information shall, in general, conform to the manufacturer's recommended operating 

instructions or shall explain the deviation from said instructions. 

12.2 Laboratory Equipment 

Laboratory analyses will be performed by contracted laboratories. The equipment used to analyze 

environmental samples shall be calibrated, maintained, and controlled in accordance with the 

requirements contained in the specific analytical protocols used as specified in the GRRASP. This 

information will be supplied to EG&G as a laboratory SOP. 0 
86800296.006 
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13.0 HANDLING, STORAGE, AND SHIPPING 

Samples shall be packaged, transported, and stored in accordance with SOP 1.13, Containerizing, 

Preserving, Handling, and Shipping of Soil and Water Samples. Maximum sample holding times, 

sample preservative, sample volumes, and sample containers are specified in Table 8-1 of Section 

8.0 of the QAPjP. Sample handling and storage controls at the laboratory shall be provided as a 

laboratory SOP. 

EMAD will develop and implement an SOP for handling and storing construction materials to ensure 

only appropriate, accepted materials are used and are handled and stored to prevent contamination 

or damage prior to usefinstallation. 

0 14.0 STATUS OF INSPECTION, TEST, AND OPERATIONS 

The requirements for the identification of inspection, test, and operating status shall be 

implemented as specified in Section 14.0 of the QAPjP. A log specifying the status of all boreholes 

and groundwater monitoring wells shall be maintained by the Field Activities Task Leader, which 

will include: wellborehole identification number, ground elevation, casing depth of hole, depth to 

bedrock, static water level (as applicable), depth to top and bottom of screen (as applicable), 

diameter of hole, diameter of casing, and top/bottom of casing. 

15.0 CONTROL OF NONCONFORMANCES 

The requirements for the identification, control, evaluation, and disposition of nonconforming items, 

samples, and data will be implemented as specified in Section 15.0 of the QAPjP. 

Nonconformances identified by the implementing contractor shall be submitted to EG&G for 

* 

processing as outlined in the QAPjP. a 
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16.0 CORRECTIVE ACTION 

The requirements for the identification, documentation, and verification of corrective actions for 

conditions adverse to quality will be implemented as outlined in Section 16.0 of the QAPjP. 

Conditions adverse to quality identified by the implementing contractor shall be documented and 

submitted to EG&G for processing as outlined in the QAPjP. 

17.0 QUALITY ASSURANCE RECORDS 

QA records will be controlled in accordance with the.SOP 1.2, Field Document Control. QA 

records to be generated during OU-6 RFI/RI activities include, but are not limited to: 

Field Logs and Data Record Forms (e.g., sample collection notebooksbogs for water, 

sediment, and air) 

Calibration Records 

Sample Collection and Chain-of-Custody Records 

Laboratory Sample Data Packages 

Drilling Logs 

Work Plan/Field Sampling Plan 

QAPjP/QAA 

Audit/Surveillance/lnspection Reports 

Nonconformance Reports 

Corrective Action Documentation 

Data Validation Results 

Data Reports 

ProcuremenWontracting Documentation 

Training/Qualification Records 

Inspection Records 

86600296.006 
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18.0 QUALITY VERIFICATION 

The requirements for the verification of quality shall be implemented as specified in Section No. 18 

of the QAPjP. EG&G will conduct audits of the laboratory contractor as specified in the GRRASP. 

The QAPM shall develop a surveillance schedule with the surveillance intervals based on the 

importance and complexity of each sampling/analytical activity. Intervals will also be based on the 

schedule contained in Section 10.0 of the OU-6 Work Plan. 

Specific tasks that will be monitored by the surveillance program are as follows: (the following are 

presented as examples) 

Borings and well installations (approximately 10 percent of the holes) 

Field Sampling (approximately 5 percent of each type of sample collected) 

Records Management (a surveillance will be conducted once at the initiation of OU-6 

activities, and monthly thereafter) 

Data Verification, validation, and reporting 

Audits of Contractors providing field investigation, construction, and analytical support services 

shall be performed at least annually or once during the life of the project, whichever is more 

frequent. 

A Readiness Review shall be conducted by the EM Department QAPM prior to the implementation 

of OU-6 field investigation activities. The readiness review will determine if all activity 

prerequisites have been met that are required to begin work. The applicable requirements of the 

QAPjP and this QAA will be addressed. 

86800286.006 
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19.0 SOFTWARE CONTROL 

The requirements for the control of software shall be implemented as specified in Section 19.0 of 

the QAPjP. Only database software is anticipated to be used for the OU-6 Work Plan activities. 

SOPS applicable to the use of the database storing environmental data are SOP 1.14, Field Data 

Management. 
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APPENDIX A 

Analytical Methods, Detection Limits, 

and Data Quality Objectives 
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Environmental Management 

STANDARD OPERATING PROCEDURES AND ADDENDA 

11.0 

STANDARD OPERATING PROCEDURES AND ADDENDA 

The following Rocky Flats Plant (RFP) program-wide Standard Operating Procedures (SOPs) will be 
utilized during the specific field investigations for Operable Unit Number 6 (OU6). 

F0.8 
F0.13 
F0.14 
F0.16 
GW.l 
GW.2 
GW.5 
GW.6 
GT. 1 

GT.2 
GT.6 
GT.8 
GT.9 
sw.l  
sw.2 
sw.3 
SW.6 
SW.8 
AP. 13 

Handling of Drilling Fluids and Cuttings 
Containerizing, Preserving, Handling and Shipping Soil and Water Samples 
Data Base Management 
Field Radiological Measurements 
Water Level Measurements in Wells and Piezometers 
Well Development 
Measurement for Groundwater Field Parameters 
Groundwater Sampling 
Logging Alluvial and Bedrock Material 
Drilling and Sampling Using Hollow-Stem Auger Techniques 
Monitoring Well and Piezometer Installation 

Surface Soil Sampling 
Soil Gas Sampling and Field Analysis 
Surface Water Data Collection Activities 
Field Measurement of Surface Water Field Parameters 
Surface Water Sampling 
Sediment Sampling 
Pond Sampling 
Radioactive Ambient Air Monitoring Program 

In addition, Field Operations, Volume I ,  SOPs will also be used as appropriate during field operations. 

Phase I RFI/Ri Work Plan ~ Walnut Creek Priority Drainage 
Rocky Flats Piant, Golden, CO 
N:\PROJECTS\ 151 31 00\051502 

Final 
May ID%? 
Page 11-1 



Specific information concerning sampling activities is provided in the Fidd Sampling Plan (FSP) 
(Section 7.0) for most of the sampling activities. Project-specific details for this work plan will be 
included in the Standard Operating Procedures addenda (SOPA). These SOPA will be attached to the 
SOP for use during field activities. 

11.1  SOP ADDENDUM TO SOP SW.6, SEDIMENT SAMPLING 

Sediment samples will be cdlected from five locations each in the A- and 8-series Ponds and in IHSS 
142.12. In addition, sediment samples will be cdlected from numerous locations within North and South 
Walnut Creek. The sediment samples from the ponds will be collected from the following locations: 

The deepest part of the pond 
Within the pond, 5 feet from the pond inlet 
Three locations selected at random within the area of the pond at the time of sampling 

0 

0 

Sediment samples in North Walnut Creek and South Walnut Creek will be collected within the channels 
in locations conducive to the collection of sediments. 

The sediment samples at each location will be collected such that they represent the entire vertical 
cdumn of sediment at the sampling location. Currently the depth of sediment in the detection ponds 
is unknown. Samples will be collected at 2-foot intervals. All of the sediment samples, except the one 
from the deepest part of each pond, will be vertical composite samples that represent the entire 
sediment thickness, up to 2 feet. If the sediment depth is greater than 2 feet, 2-foot composite samples 
will be collected. The samples from the deepest part of each pond will be composited at 5-centimeter 
intervals. instead of 2-foot intervals. 

Samples from North and South Walnut Creek will be collected according to SOP SW.6, Sediment 
Sampling. These samples will be cdlected with a core sampling device capable of obtaining a loggable 
sample of the entire thickness of sediment at a given location. Samples for analysis of vdatile organic 
compounds (VOCs) will be cdlected as grab samples and not composited. 

Sediment samples from the Detention Ponds will be collected with a King tube sampler with a diameter 
of not more than 2 inches. Several soil cores may be needed to obtain enough samples for analyses. 
One of the samples will be maintained in the vertical position and frozen for subsequent geologic 
logging. This frozen core will be logged according to SOP GT.l, with the thickness and character of 
any thin stratifications in the sediment column noted. The sediment samples cdlected for chemical 
analysis will then be composited at 5-centimeter intervals. Sample handling and decontamination 
procedures will be followed as described in SOP SW.6, Sediment Sampling. 
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11.2 SOP ADDENDUM TO SOP NO. SW.8, POND SAMPLING 

Water samples will be cdlected from f i e  locations each in the A- and B-series Ponds and IHSS 142.12. 

The specific locations are as follows: 

The deepest part of the pond 
Within 5 feet of the pond inlet 
Within 5 feet of the pond spillway 
Two locations selected at random within the pond 

0 

0 

0 

Prior to sampling at each sampling point, profiles of water temperature and dissdved oxygen in the 
water cdumn will be collected at the sampling location. The Hydrdab Multi-Parameter Measuring 
Instrument will be used to cdlect the profiles across the entire water column. 

All of the samples except the one from the deepest part of the pond will be vertical composite samples 
representing the entire depth of the water column at the sampling point. The sampling from the deepest 
part of the pond will consist of taking grab samples from each of the zones of stratification identified in 
the water column at that point. 

1 1.2.1 Composited Samples 

Following the measurement of temperature and dissolved oxygen at the sampling point, a sample will 
be collected. The sample may be collected using a regulated flow sampler (described in SOP SW.3, 
Surface Water Sampling), which is pulled through the entire column of water. Samples may also be 
collected using a peristaltic pump with the intake tubing pulled through the entire water column. VOC 
samples will be collected as described in SOP SW.8, Pond Sampling. 

Field parameters such as pH and specific conductance will be measured in the composited sample in 
accordance with SOP GW.5. 

11.2.2 Grab Samples 

Temperature and dissdved oxygen at the sampling point in the deepest part of the pond will be 
measured to determine the location of stratified layers at this point. The grab samples will then be 
collected using a peristaltic pump in each stratified zone for all samples except VOC samples. The 
uppermost stratified zone will be sampled first, followed by the next lower zone, and so on. The zone 
at the bottom of the pond will be sampled last. VOC samples will be cdlected as described in 
SOP SW.8, Pond Sampling. 
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SEDIMENT VOA SAMPLING EVENTS 

L. LOCATION NEUDATE SMPLNO TOTANAL 

1 SED003 SED0308860 35 
2 SED003 89-08-10 SED003001 3 4  

DBS LOCATION NEUDATE SMPLNO TOT ANAL 

3 SED006 SED0608860 35 
4 SED006 90-11-28 SSOO137UC 34 

OBS LOCATION NEUDATE SMPLNO TOTANAL 

5 SED007 SED0708860 35 

LOCATION NEUDATE SMPLNO TOTANAL 

SED008 SED0808860 35 
I SED008 90-08-30 SS00105UC 3 4  
8 SED008 90-11-07 SSOO138UC 3 4  
9 SED008 91-03-05 SSOO172UC 3 4  

OBS LOCATION NEUDATE SMPLNO TOT ANAL 

10 SED009 SED0908860 35 
11 SED009 90-08-30 SSOO107UC 3 4  

OBS LOCATION NEUDATE SMPLNO TOTANAL 

12 SED010 SED1008860 35 

Des LOCATION NEWDATE SMPLNO TOTANAL e SED01 1 SED1108860 3 5  
SED311 90-09-05 SSOO106UC 3 4  

15 SED011 90-12-03 SSOO14OUC 34 



SEDIMENT VOA SAMPLING EVENTS 

16 SED012 SED1208860 35 

OBS LOCATION NEMATE SMPLNO TOT ANAL 

19 SED035 89-08-10 SED035001 34 
SED035 90-08-29 SSOO123UC 34 
SED035 90-12-03 SS00157!~K 34 

06s LOCATION NEUDATE SMPLNO TOTANAL 

22 SED036 89-08-10 SED036001 34 
23 SED036 90-12-03 SSOO158UC 34 

DBS LOCATION NEWDATE SMPLNO TOT ANAL 

24 SED118 90-09-18 SSOO127UC 34 
25 SED118 90-11-28 SSOO161UC 34 

oc 

06s LOCATION NEUDATE SMPLNO TOT ANAL 

26 SED120 90-09-19 SSOO128UC 34 
SED120 90-12-17 SSOO162UC 34 



SEDIHENT VOA SAUPLING EVENTS 

LOCATION NEVDATE SUPLNO TOTANAL 

28 SED124 90-09-19 S S O D l Z W C  3 4  
29 SED124 90-12-17 SSOO163UC 34 



SEDIMENT BASE NEUTRAL EXTRACTABLE SAMPLING EVENTS 

C LOCATION NEUDATE SMPLNO TOTANAL 

1 SED003 SED0308860 49 
2 SED003 89-08-10 SED003001 49 

OBS LOCATION NEUDATE SMPLNO TOTANAL 

3 SED006 SED0608860 49 
4 SED006 90-11-28 SSOO137UC 49 

OBS LOCATION NEVDATE SMPLNO TOTANAL 

5 SED007 SED0708860 49 

LOCAT ION NEUDATE SMPLNO TOTANAL 

SED008 SED0808860 49 
. SED008 90-08-30 SSOO105UC 49 
8 SED008 90- 11-07 SSOO138UC 49 
9 SED008 91-03-05 SSOO172UC 49 

OBS LOCATION NEUDATE SMPL.NO TOT ANAL 

10 SED009 SED0908860 49 
11 SED009 90-08-30 SSOO107UC 49 
12 SED009 90-11-28 SSOO139UC 49 

OBS LOCATION NEVDATE SMPLNO TOTANAL 

13 SED010 SED 1008860 49 

LOCATION NEUDATE SMPLNO TOT ANAL 

SED01 1 SED1 108860 49 
15 SEDOll 90-09-05 SSOO106UC 49 
16 SEDOll 90-12-03 SSOO14OUC 49 



SEDIMENT BASE NEUTRAL EXTRACTABLE SAMPLING EVENTS 

trp, LOCATION NEUDATE SMPLNO TOTANAL 

17 SED012 SED1208860 49 

OBS LOCATION NEUDATE SMPLNO TOTANAL 

18 SED013 SED1308860 49 

OBS LOCATION NEUDATE SMPLNO TOT ANAL 

19 SED032 89-08-11 SED032001 49 

SED033 89-08-10 SED033001 49 

OBS LOCATION NEUDATE SMPLNO TOTANAL 

21 SED035 90-08-29 SSOO123WC 40 
22 SED035 90-12-03 SSOO157UC 49 

OBS LOCATION NEWDATE SMPLNO TOT ANAL 

23 SED036 89-08-10 SED036001 49 
24 SED036 90-12-03 SSOO158WC 49 

OBS LOCATION NEUDATE SMPLNO TOT ANAL 

25 SED118 90-09-18 SSOO127UC 49 
26 SED118 90-11-28 SSOO161UC 49 



SEDIMENT BASE NEUTRAL EXTRACTABLE SAMPLING EVENTS 

L- LOCATION NEUDATE SMPLNO TOTANAL 

27 SED120 90-09-19 SSOO128UC 49 
28 SED120 90-12-17 SSOO162UC 49 

OBS LOCATION NEUDATE SMPLNO TOTANAL 

29 SED124 90-09-19 SSOO129UC 49 
30 SED124 90-12-17 SSOO163UC 49 



SEDIMENT ACID EXTRACTABLE SAMPLING EVENTS 

1 SED003 SED0308860 16 
2 SED003 89-08-10 SED003001 16 

OBS LOCATION NEUDATE SMPLNO TOTANAL 

3 SED006 SED0608860 16 
4 SED006 90-11-28 SSOO137UC 16 

OBS LOCATION NEWDATE SMPLNO TOTANAL 

5 SED007 SED0708860 16 

OBS LOCATION NEWDATE SMPLNO TOT ANAL 

0 SED008 SED0808860 16 
SED008 90-08-30 SSOO105UC 16 ' 

8 SED008 90- 11-07 SSOO138UC 16 
9 SED008 91-03-05 SSOO172UC 16 

OBS LOCATION NEUDATE SMPLNO TOT ANAL 

10 SED009 SED0908860 16 
1 1  SEDDO9 90-08-30 SSOO107UC 16 
12 SED009 90-11-28 SSOO139UC 16 

OBS LOCATION NEWDATE SMPLNO TOT ANAL 

13 SED010 SED1008860 16 

LOCATION NEUDATE SMPLNO TOT ANAL 

SED01 1 SED 1 108860 16 
15 SED011 90-09-05 SSOO106UC 16 
16 SED011 90-12-03 SSOO14OUC 16 



SEDIMENT ACID EXTRACTABLE SAMPLING EVENTS 

L LOCATION NEUDATE SMPLNO TOTANAL 

17 SED012 SED 1208860 16 

OBS LOCATION NEUDATE SMPLNO TOTANAL 

SED033 89-08-10 SED033001 16 

OBS LOCATION NEUOATE SMPLNO TOTANAL 

21 SED035 90-08-29 SSOO123UC 16 
22 SED035 90-12-03 SSOO157UC 16 

OBS LOCATION NEUDATE SMPLNO TOT ANAL 

23 SED036 89-08-10 SED036001 16 
24 SED036 90-12-03 SSOO158UC 16 

OBS LOCATION NEUDATE SMPLNO TOTANAL 

25 SED118 90-09-18 SSOOl27vC 16 
26 SED118 90-11-28 SSOO161WC 16 



SEDIMENT ACID EXTRACTABLE SAMPLING EVENTS 

27 SED120 90-09-19 SSOO128UC 16 
28 SED120 90-12-17 SSOO162UC 16 

06s LOCATION NEWDATE SMPLNO TOT ANAL 

29 SED124 90-09-19 SSOOl2pUC 16 
30 SED124 90-12-17 SSOO163UC 16 



SEDIMENT PESTICIDE/PCB SAMPLING EVENTS 

k- LOCATION NEUDATE SHPLNO TOT ANAL 

1 SED003 SED0308860 26 

OBS LOCATION NEWDATE SMPLNO TOTANAL 

2 SED006 
' 

SED0608860 26 
3 SED006 90-11-28 SSOO137UC 27 

OBS LOCATION NEUDATE SHPLNO 

SED008 SED080886C 
SED008 90-08-30 SSOO105UC 

7 SED008 90-11-07 SSOO138UC 
8 SED008 91-03-05 SSOO172WC 

OBS LOCATION NEUDATE SMPLNO 

TOTANAL 

26 
27 
27 
27 

TOTANAL 

9 SED009 SED0908860 26 
10 SED009 90-08-30 SSOO107WC 27 
11 SED009 90-11-28 SSOO139UC 27 

OBS LOCATION NEWDATE SMPLNO TOT ANAL 

12 SED010 SED 1008860 26 

LN~J~N NEUDATE SMPLNO TOTANAL 

SED1108860 26 
SED01 1 90-09-05 SSOO106UC 27 

15 SED011 90-12-03 SSOO14OWC 27 



SEDIMENT PESTICIDE/PCB SAMPLING EVENTS 

Ob- LOCATION NEUDATE SMPLNO TOT ANAL 

16 SED012 SED 1208860 26 

DBS LOCATION NEUDATE SMPLNO TOTANAL 

18 SED035 90-08-29 SSOO123UC 2 7  
19 SED035 90-12-03 SSOOl57UC 2 7  

06s LOCATION NEUDATE SMPLNO TOTANAL 

SED036 90-12-03 SSOO158WC 27 

08s LOCATION NEUDATE SHPLNO TOTANAL 

21 SED118 90-09-18 SSOOl27UC 5 4  
22 SED118 90-11-28 SSOO161WC 27 

OBS LOCATION NEUDATE SHPLNO TOTANAL 

23 SED120 90-09-19 SSOD128WC 27 
24 SED120 90-12-17 SSOO162UC 2 7  

SED124 90-12-17 SSOO163WC 27 



SEDIMENT TOTAL METAL SAMPLING EVENTS 

1 SED003 SED0308860 26 
2 SED003 89-08-10 SED003001 28 

OBS LOCATION NEUDATE SMPLNO TOTANAL 

3 SED006 SED0608860 26 
4 SED006 90-11-28 SSOO137UC 29 

DBS LOCATION NEUDATE SHPLNO TOTANAL 

SED0808860 26 
SED008 90-08-30 SS00105UC 28 

8 SED008 90-1 1-07 SSOO138UC 28 
9 SED008 91-03-05 SSOO172UC 28 

OES LOCATION NEUDATE SMPLNO TOTANAL 

10 SED009 SED0908860 26 
11 SED009 90-08-30 SSOOlO7VC 28 
12 SED009 90- 1 1  -28 SSOO139UC 29 

OBS LOCATION NEUDATE SHPLNO TOTANAL 

13 SED010 SED 1008860 26 



SEDIMENT TOTAL METAL SAMPLING EVENTS 

14 SEDOll SED 1 108860 26 
15 SEDOll 89-03-13 SEOOllOOl 28 
16 SED011 90-09-05 SSOO106UC 28 
17 SED011 90-12-03 SSOO14OUC 27 

DgS LOCATION NEUDATE WPLNO TOTANAL 

18 SED012 SED1208860 26 

OBS LOCA'IION NEUDATE SMPLNO TOTANAL 

19 SED013 SED1308860 26 

LOCAT 1 ON NEUDATE SMPLNO TOTANAL 

SED035 89-08- 10 SED035001 28 
21 SED035 90-08-29 SSOO123WC 27 
22 SED035 90-12-03 SSOO157UC 28 

OBS LOCATION NEUDATE SMPLNO TOT ANAL 

23 SED036 89-08-10 SED036001 28 
24 SED036 90-12-03 SSOO158UC 27 

OBS LOCATION NEUDATE SMPLNO TOTANAL 

25 SED118 90-09-18 SSOOl2hrC 29 
26 SED118 90-11-28 SSOO161UC 29 

LOCAT I ON NEUDATE SMPLNO TOTANAL 

SED120 90-09-19 SSOO128WC 29 



SEDIMENT TOTAL METAL SAMPLING EVENTS 

i LOCATION NEUDATE SMPLNO TOTANAL 

28 SED124 90-09-19 SS0012PVC 29 



SEDIMENT TOTAL RAD SAMPLING EVENTS 

1 SED003 SED0308860 8 
2 SED003 89-08- 10 SED003001 1 

OBS LOCATION NEUDATE SMPLNO TOT ANAL 

3 SED006 SED0608860 8 
4 SED006 90-09-17 SSOO104UC 13 

OBS LOCATION NEUDATE SMPLNO TOTANAL 

5 SED007 SED0708860 8 

OBS LOCATION NEUDATE SMPLNO TOTANAL 

0 SED008 SED0808860 8 

OBS LOCATION NEWDATE SMPLNO TOTANAL 

7 SED009 SED0908860 8 
8 SED009 90-08-30 SSOO107UC 12 
9 SED009 90'1 1-28 SSOO139WC 12 

OBS LOCATION NEUDATE SMPLNO TOT ANAL 

10 SED010 SED 1008860 8 

OBS LOCATION NEUDATE SMPLNO TOTANAL 

11 SED011 SED 1 108860 8 
SED011 89-03-13 SED011001 12 Q 



SEDIMENT TOTAL RAD SAMPLING EVENTS 

Otra LOCATION NEUDATE SMPLNO TOT ANAL 

13 SED012 SED 1208860 8 

OBS LOCATION NEUDATE SMPLNO TOTANAL 

SED033 89-08-10 SED033001 1 

OBS LOCATION NEWDATE SMPLNO TOT ANAL 

17 SED035 89-08-10 SED035001 1 

DN=SED03 

08s LOCATION NEUDATE SMPLNO TOTANAL 

18 SED036 89-08-10 SED036001 1 
19 SED036 90-09-17 SSOO124UC 13 



location=SEDOO9 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 

26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 

ANALYTE 

l,l,l-TRICHLOROETHANE 
1,1,2,2-TETRACHLOROETHANE 
lI1,2-TRICHLOROETHANE 
1,l-DICHLOROETHANE 
1,1-DICHLORMTHENE 
1,2-DICHLOROETHANE 
l12-DICHLOROETHENE 
1,2-DICHLOROPROPANE 
2-BUTANONE 
2-CHLOROETHYL VINYL ETHER 
2- HEXANONE 
4-HETHYL-2-PENTANONE 
ACETONE 
BENZENE 
BROMOOICHLOROMETHANE 
BROMOFORM 
BROMOMETHANE 
CARBON DISULFIDE 
CARBON TETRACHLORIDE 
CHLOROBENZENE 
CHLOROETHANE 
CHLOROFORM 
CHLOROMETHANE 
DIBROMOCHLOROMETHANE 
ETHYLBENZENE 
METHYLENE CHLORIDE 
STYRENE 
TETRACHLOROETHENE 
TOLUENE 
TOTAL XYLENES 
TRICHLOROETHENE 
VINYL ACETATE 
VINYL CHLORIDE 
cis-1,3-DICHLOROPROPENE 
trans-1,2-DICHLOROETHENE 
trans-1.3-DICHLOROPROPENE 

SEDIMENT VOA SUMMARY ALL UNITS UG/KG 

Total Total Maxi mun 
Sanples 

2 
2 
2 
2 
2 
2 
1 
2 
2 
1 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

CRQL Hits 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 

CRQL Hit 

5 
5 
5 
5 
5 
5 
5 
5 

10 
0 
10 
10 
10 140 
5 
5 
5 
10 
5 
5 
5 
10 
5 

2 0 10 
2 0 5 

5 
5 6 BJ 
5 
5 
5 
5 
5 
10 
10 
5 
5 
5 

Average Total 
MAXHUNIT Hit 

UG/KG 77.5 

MAX I MUM 

7 u  
7 u  
7 u  
7 u  
7 u  
7 u  
7 u  
7 u  
13 U 
10 u 
13 U 
13 U 
140 
7 u  
7 u  
7 u  
13 U 
7 u  
7 u  
7 u  ' 

13 U 
7 u  

MAXUN I T 

UG/KG 
UG/KG 
UG/KG 
UG/KG 
UG/KG 
UG/KG 
UG/KG 
UG/KG 
UG/KG 
UG/KG 
UG/KG 
UGfKG 
UG/KG 
UG/KG 
UG/KG 
UG/KG 
UG/KG 
UG/KG 
UG/KG 
UG/KG 
UG/KG 
UG/KG 

Average 

3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.50 
3.00 
5.75 
5.00 
5.75 
5.75 
77.50 
3.00 
3.00 
3.00 
5.75 
3.00 
3.00 
3.00 
5.75 
3.00 

13 U UG/KG 5.75 
7 u  UG/KG 3.00 
7 u  

7 u  
7 u  
7 u  
7 u  
7 u  
13 U 
13 U 
7 u  
5 u  
7 u  

UG/KG 3.5 6 BJ 
UG/KG 
UG/KG 
UG/KG 
UG/KG 
UG/KG 
UG/KG 
UG/KG 
UG/KG 
UG/KG 
UG/KG 
UG/KG 
UG/KG 

3.00 
3.50 
3.00 
3.00 
3.00 
3.00 
3.00 
5.75 
5.75 
3.00 
2.50 
3.00 



tocatiowSEDOO9 SEDIMENT BASE NEUTRAL EXTRACTABLE SUMMARY ALL UNITS UG/KG 

1 
2 
3 
4 
5 
6 
? 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 

1,2,4-TRICHLOROBENZENE 
1,2-DICHLOROBENZENE 
1,3-DICHLOROBENZENE 
1,4-DICHLOROBENZENE 
2,4-DINITROTOLUENE 
2,6-DlNITROTOLUENE 
2-CHLORONAPHTHALENE 
2-METHYLNAPHTHALENE 
2-NITROANILINE 
3,3'-DICHLOROBENZIDINE 
3-NITROAN IL INE 
4-BROWOPHENYL PHENYL ETHER 
4-CHLOROANILINE 
4-CHLOROPHENYL PHENYL ETHER 
4-NITROANILINE 
ACENAPHTHENE 
ACENAPHTHYLENE 
ANTHRACENE 
BENZO(a)ANTHRACENE 
BENZO(a)PYRENE 

BENZO( ghi IPERY LENE 
BENZO(b)FLUORANTHENE 

BENZ0Ck)FLUORANTHENE 
BIS(2-CHLOROETH0XY)METHANE 
BIS(2-CHLOR0ETHYL)ETHER 

20 BIS(2-CHLOR0ISOPROPYL)ETHER 
27 BIS(2-ETHYLHEXYL)PHTHALATE 
28 BUTYL BENZYL PHTHALATE 
29 CHRYSENE 
30 DI-n-BUTYL PHTHALATE 
31 DI-n-OCTYL PHTHALATE 
32 DIBENZO(a,h)ANTHRACENE 
33 D I BENZOFURAN 
34 DIETHYL PHTHALATE 
35 DIMETHYL PHTHALATE 
36 FLUORANTHENE 
37 FLUORENE 
38 HEXACHLOROBENZENE 
39 HEXACHLOROBUTADIENE 
40 HEXACHLOROCYCLOPENTADIENE 
41 HEXACHLOROETHANE 
42 INDENO(1,2,3-cd)PYRENE 
43 ISOPHORONE 
14 N-NITROSO-DI-n-PROPYLAMINE 
45 N-NITROSODIPHENYLAMINE 
46 NAPHTHALENE 
47 NITROBENZENE 

PHENANTHRENE 
PYRENE Q 

Total 
Samples 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

===E=== 

Total 
CRQL Hits 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
3 
0 
1 
2 
0 
0 
0 
0 
0 
2 
0 
0 
0 
0 
0 
0 
0 
D 
1 
0 
0 
1 
2 - - - - - - - - - --------- 

M a x i m  
CRQL Hit 

330 . 
330 . 
330 . 
330 . 
330 . 
330 . 
330 . 
330 . 
1600 . 
660 . 
1600 . 
330 . 
330 . 
330 . 
1600 . 
330 . 
330 . 
330 . 
330 . 
330 . 
330 . 
330 . 
330 . 
330 . 
330 . 
330 . 
330 590 BJ 
330 . 
330 200 J 
330 190 J 
330 . 
330 . 
330 . 
330 . 
330 . 
330 300 J 
330 . 
330 . 
330 . 
330 . 
330 . 
330 . 
330 . 
330 . 
330 2000 B 
330 . 
330 . 
330 140 J 

330 280 J 

MXHUNIT 

UG/KG 

UG/KG 
UG/KG 

UG/KG 

UG/KG 

UG/KG 
UG/KG 

Average 
Hit 

323.33 

200.00 
125.00 

220.00 

20D0.00 

140.00 
195.00 

MAXIMUM 

960 U 
960 U 
960 U 
960 U 
960 U 
960 U 
960 U 
960 U 
4600 U 
1900 U 
4600 U 
960 U 
960 U 
960 U 
4600 U 
960 U 
960 U 
960 U 
960 U 
960 U 
960 U 
960 U 
960 U 
960 U 
960 U 
960 U 
590 BJ 
960 U 
960 U 
850 U 
960 U 
960 U 
960 U 
960 U 
960 U 
300 J 
960 U 
960 U 
960 U 
960 U 
960 U 
960 U 
960 U 
960 U 
2000 B 
960 U 
960 U 
960 U 
280 J 

MXUN 1 T 

UG/KG 
UG/KG 
UG/KG 
UG/KG 
UG/KG 
UG/KG 
UG/KG 
UG/KG 
UG/KG 
UG/KG 
UG/KG 
UG/KG 
UG/KG 
UG/KG 
UG/KG 
UG/KG 
UG/KG 
UG/KG 
UG/KG 
UG/KG 
UG/KG 
UG/KG 
UG/KG 
UG/KG 
UG/KG 
UG/KG 
UG/KG 
UG/KG 
UG/KG 
UG/KG 
UG/KG 
UG/KG 
UG/KG 
UG/KG 
UG/KG 
UG/KG 
UG/KG 
UG/KG 
UG/KG 
UG/KG 
UG/KG 
UG/KG 
UG/KG 
UG/KG 
UG/KG 
UG/KG 
UG/KG 
UG/KG 
UG/KG 

Total 
Aver age 

336.67 
336.67 
336.67 
336.67 
336.67 
336.67 
336.67 
336.67 
1616.67 
670.00 
1616.67 
336.67 
336.67 
336.67 
1616.67 
336.67 
336.67 
336.67 
336.67 
336.67 
336.67 
336.67 
336.67 
336.67 
336.67 
336.67 
323.33 
336.67 
261 -67 
225.00 
336.67 
336.67 
336.67 
336.67 
336.67 
181.67 
336.67 
336.67 
336.67 
336.67 
336.67 
336.67 
336.67 
336.67 
968.33 
336.67 
336.67 
241.67 
165.00 

147 12 



Locat iowSEDOO9 SEDIMENT ACID EXTRACTABLE SUMMARY ALL UNITS UG/KG 

a ANALYTE 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 

2,4,5-TRICHLOROPHENOL 
2,4,6-TRICHLOROPHENOL 
2,4-DlCHLOROPHENOL 
2,4-DIMETHYLPHENOL 
2,4-DINITROPHENOL 
2-CHLOROPHENOL 
2-METHYLPHENOL 
2-NITROPHENOL 
4,6-DINITRO-2-HETHYLPHENOL 
4-CHLORO-3-HETHYLPHENOL 
4-METHYLPHENOL 
4-NITROPHENOL 
BENZOIC ACID 
BENZYL ALCOHOL 
PENTACHLOROPHENOL 
PHENOL 

CRQL 

1600 
330 
330 
330 
1600 
330 
330 
330 
1600 
330 
330 
1600 
1600 
330 
1600 
330 

Maxi mm 
Hit 

Average 
MAXHUN I T Hit MAX I MUM 

4600 U 

960 U 
960 U 

960 U 

4600 U 

960 U 

960 U 
960 U 
4600 U 

960 U 
960 U 
4600 U 
4600 U 
960 U 

4600 U 

960 U 

MAXUN I T 

UG/KG 

UG/KG 

UG/KG 

UG/KG 

UG/KG 

UG/KG 

UG/KG 
UG/KG 
UG/KG 

UG/KG 
UG/KG 
UG/KG 
UG/KG 
UG/KG 

UG/KG 

UG/KG 

Total 
Average 

1616.67 
336.67 
336.67 
336.67 
161 6.67 
336.67 
336.67 
336.67 
161 6.67 
336.67 
336.67 
1616.67 
1616.67 
336.67 
161 6.67 
336.67 



Location=SEDOOP SEDIMENT PESTICIDE/PCB SUMMARY ALL UNITS UG/KG 

8 ANALYTE 
1 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 

4,4'-DDD 
4,4' -DDE 
4,4'-DDT 
ALDRIN 
AROCLOR-1016 
ARDCLOR-1221 
AROCLOR-1232 
AROCLOR- 1242 
AROCLOR-1248 
AROCLOR- 1254 
AROCLOR-1260 
CHLORDANE 
DIELDRIN 
ENDOSULFAN I 
ENDOSULFAN I 1  
ENDOSULFAN SULFATE 
ENDRIN 
ENDRIN KETONE 
HEPTACHLOR 
HEPTACHLOR EPOXIDE 
METHOXYCHLOR 
TOXAPHENE 
alpha-BHC 
alpha-CHLORDANE 
beta-BHC 
de l t a - B HC 

27 gam-BHC (LINDANE) 
28 gam-CHLORDANE 

Total 
Sarrples 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
1 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
2 
3 
3 
3 
2 

80 

------- - - - - - - - 

Total 
CRPL Hits 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 

--------- --------- 

CRPL 

16 
16 
16 
8 
80 
80 
80 
80 
80 
80 
80 
80 
16 
8 
16 
16 
16 
16 
8 
8 
80 
160 
8 
80 

8 
8 
80 

a 

M a x i m  Average 
H i t  HAXHUNIT Hit MAX I MUM 

46 U 
46 U 
46 U 
23 U 
230 U 
230 U 
230 U 
230 U 
230 U 
460 U 
460 U 
15 U 
46 U 
23 U 
46 U 
46 U 
46 U 
46 U 
23 U 
23 U 
230 U 
460 U 
23 U 
230 U 
23 U 
23 U 
23 U 
230 U 

* 

MAXUN I T 

UG/KG 
U W K G  
UG/KG 
UG/KG 
UG/KG 
UG/KG 
UG/KG 
UG/KG 
UG/KG 
UG/KG 
UG/KG 
UG/KG 
UG/KG 
UG/KG 
UG/KG 
UG/KG 
UG/KG 
UG/KG 
UG/KG 
UG/KG 
UG/KG 
UG/KG 
UG/KG 
UWKG 
UG/KG 
UG/KG 
UG/KG 
UG/KG 

Total 
Average 

15.167 
15.167 
15.167 
7.583 
75.833 
75.833 
75.833 
75.833 
75.833 
151 -667 
151.667 
7.500 
15.167 
7.583 
15.167 
15.167 
15.167 
15.167 
7.583 
7.583 
75.833 
151.667 
7.583 

110.000 
7.583 
7.583 
7.583 

110.000 



SEDIMENT TOTAL METAL S W R Y  A L L  UNITS UG/KG 

ANALYTE 8 
1 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 

ALUMINUM 

ANTIMONY 

ARSENIC 

BAR I UM 

BERYLLIUM 

CADMIUM 
CALCIUM 

C E S I W  
CHROMIUM 

COBALT 

COPPER 

I RON 

LEAD 

LITHIUM 

MAGNESIUM 

MANGANESE 
MERCURY 
MOLYBDENUM 

NICKEL 

POTASSIUM 

SELENIUM 

SILVER 

SODIUM 
STRONTIUM 

THAL L 1 UM 
TIN 

27 VANADIUM 
28 ZINC 

T o t a l  
Sarrples 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
2 
3 
3 
4 
3 
3 
3 
3 
3 
3 
3 
3 
2 
3 
3 

83 
======= 

T o t a l  
CRQL H i t s  

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 

========= 

CROL 

40000 
12000 
2000 
40000 
1000 
1000 

2 0 0 0 0 0 0 
200000 
2000 
10000 
5000 
20000 
1000 
20000 

2 0 0 0 0 0 0 
3000 
200 

40000 
8000 

2000000 
1000 
2000 

2000000 
40000 
2000 
40000 
10000 
4000 

M a x i m  
H i t  MAXHUN I T 

A v e r a g e  
H i t  MAX I MUM 

785 0 
5.9 BN 

5.1 
83.6 
0.48 B 
0.97 B 
12900 E 
83.1 B 
11.8 
7.4 B 
15.6 * 
11600 
16.2 
6.9 B 
2060 
669 
0.27 
7.9 u 
11.1 
1210 
0.27 B 
0.8 B 
228 B 
40 B 
13 
10.7 B 
24.2 
98.3 E* 

MAXUN IT  

MG/KG 

MG/KG 

MG/KG 

HG/KG 

MG/KG 

MG/KG 
MG/KG 

MG/KG 
MG/KG 

MG/KG 

MG/KG 

MG/KG 

MG/KG 

MG/KG 

MG/KG 

MG/KG 
HG/KG 

MG/KG 
MG/KG 

MG/KG 

HG/KG 

HG/KG 

MG/KG 

MG/KG 

MG/KG 

MG/KG 
MG/KG 
MG/KG 

T o t a l  
A v e r a g e  

5490 -00 
2.70 
3.33 
63.23 
0.35 
0.64 

8523.33 
32.35 
7.37 
6.00 
10.77 

9726.67 
11.18 
5.80 

1564.33 
509.33 
0.13 
3.18 
7.70 

1108.33 
0.19 
0.49 

194.00 
30.57 
4.55 
8.55 
18.87 
74.23 



Location=SEDOO9 SEDIMENT TOTAL RAD SUMMARY ALL UNITS PCI/KG 

1 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11  
12 
13 
I4 
15 
16 
17 

AMERICIUM-241 
CESIUCI- 137 
GROSS ALPHA - DISSOLVED 
GROSS ALPHA PARTICLE RADIOAC 
GROSS BETA - DISSOLVED 
GROSS BETA PARTICLE RADIOACT 
PLUTONIUM-238 
PLUTONIUM-239 
PLUTONILJM-239/240 
RADIW-226 
RAD IUCI- 228 
STRONTIUM-89,90 
TRIT IUM 
URANIUM, TOTAL 
URANIUM-233,-234 
URANIUM-235 
URANIUM-238 

Total Total 
Samples CRQL Hits 

M a x i m  
CRPL Hit 

20 255 
100 137.7 

4000 15870 
4000 15000 
1ODOO 26700 
10000 24000 

30 90 
30 951.2 
500 1010 
500 1995 

0 3.882 J 

1000 173.7 J 

400000 261.4 J 
0 1.76 

300 1355 
300 98.33 J 
300 1524 

HAXHUNIT 

PC I /KG 
PC I /KG 
PC I /KG 
PCI/KG 
PC I /KG 
PC I /KG 
PC I /KG 
PCI/KG 
PCI/KG 
PCI/KG 
PC I /KG 
PCI/KG 
PCI/L 

PCI/KG 
PCI/KG 
PCI/KG 

Average 
Hit 

206.70 
78.42 

10035.00 
15000.00 
24865.00 
24000.00 

3.88 
90.00 
577.25 
752.30 
1542.50 
155.10 
261.40 
1.76 

1023.87 
85.26 

1089.87 

MAX I MUM MAXUN I T 

255 PCI/KG 
137.7 PCI/KG 
15870 PCI/KG 
15000 PCI/KG 
26700 PCI/KG 
24000 PCI/KG 
3.882 J PCI/KG 
90 PCI/KG 
951.2 PCI/KG 
1010 PCI/KG 
1995 PCI/KG 
173.7 J PCI/KG 
261.4 J PCI/L 
1.76 
1355 PCI/KG 
98.33 J PCI/KG 
1524 PCI/KG 

Total 
Average 

206.70 
78.42 

10035.00 
15000.00 
24865.00 
24000.00 

3.88 
90.00 
577.25 
752.30 
1542.50 
155.10 
185.70 
1.76 

1023.87 
85.26 

1089.87 



088 MALYTE 

1 
2 
3 
4 
5 
6 
7 
8 
9 

I O  
11 
12 
13 
14 
15 
16 

2,4 ,~~TRlCHLOROPHENOL 
2,4,6*TRICHLORWHENOL 
2,4 -0 I CHLDRoPWf NOL 
2 ,4-D1 HETHY LPHENOL 
2,4-D I NlTROPHEHOL 
2-CWLOROPHEUOL 
2-METHYLPHENOL 
2-HITRaPHEYOL 
4,6-DIU ITRO.2-WETHYlPHENOL 
4-CHLDRO-3-R~HYLPHEN~~ 
6-&THY LPHENOL 
4 - W ITRoP WNOL 
BENZOIC ACID 
BENZYL ALCOHCL 
PEWTACiiCCROPHENOL 
PHENOL 

Total 
SurpLes 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

16 

c=====. 

SED1HENT ACID EXTRACTABLE W R Y  

Total  
CRPL Hlte 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 

1 
I=FI-=I 

CRPL 

1600 
330 
530 
330 

1600 
330 
SJb 
530 

1600 
330 
330 

1600 
1600 
330 

1600 
330 

Uaximum 
H i t  

320 J 

ALL UNITE UG/KG 

1 

UC/KG 320 

MXIMUH W N I I  

2000 il UC/KC 
LOO u UG/KG 
400 U UG/KE 
COO U UG/KG 
2000 U UG/KG 
400 U M K b  
LOO u UG/KQ 
400 U UG/KD 
2000 U U W K C  
400 u UGIKG 

400 u W/@ 
2000 U W/KG 
2000 U =/KG 
400 u W K G  
320 J ffi/KG 
LOO u W K G  

Total 
Averrgc 

1000 
200 
200 
200 

I000 
200 
200 
200 

1000 
300 
200 

to00 
1000 
200 
320 
zoo 



IS 

1 
2 
3 
4 
5 
6 
7 
0 
9 
10 
f l  
12 
13 
14 
15 
16 
17 

19 
20 
21 
22 
23 

i a  

# 

27 
20 
29 
30 
31 
32 
33 
w 
35 

; i ontSEDOO7 

1,l.l-TRICHLORMTHAUE 
I,? ,2,2-TETRACHLORDEfHANE 
1,1,2-'lRiCHL~OETHAhE 

1, I-DICHLOROETHENE 
1,2-DICHLDROETHANE 
~,&DlCHLOROPROPME 
2-8UTANONE 
2-CHLOROETHYL VINYL ETHER 
&HEXANOUE 
&&THYL- 2-PLUtAWWE 
ACETONE 
BENZENE 
BRWODICWLOROHETHAUE 
BROnOCORM 
BROwonETHANE 
CARBON DlSULF IDE 
CARBON TETMCHLORlDE 
CHLOROBEHZENE 
CHLOROETHANE 
CHLOROfORM 
CHLOAOHETHANE 
DlBRWOCHLORoWETHAWE 
EfHYLBEYZENE 
HETMYLEHE CHLORtDE 
STYRENE 
TETRACHLORDETHEUE 
TOLUENE 
TOTAL XYLENES 
1R I CHLOkOETHENE 
VlUYL ACETATE 
VIUYL CHLORIDE 

1,l-D I CHLOROETHANE 

cf E-1 ,S-DICHLOROPROPENE 
Wllhb- 1,2-DICHLOROETHEWE 
tr8n68- 1,3-DICHLOROPROPEWE 

rotst Total 
Oamlec CRQL Hits mat 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

35 
======a 

0 5 
0 5 
0 5 
0 5 
0 5 
0 5 
0 5 
0 10 
0 0 
0 10 
0 10 
1 10 
0 5 
0 5 
0 5 
0 10 
1 5 
0 5 
0 5 
0 10 
0 5 
0 10 
D 5 
0 5 
1 5 
0 5 
0 5 
0 5 
0 5 
0 5 
0 10 
0 IO 
0 5 
0 5 
0 5 

3 
.====E== 

A l l  UNITS UWKo 

Woxinm 
Hit HAXHUNIT 

. 
I 

, 

173 W K G  

Z J  UGf KG 

Z J  UCfKC 

. 

Average 
Hit 

. 

113 

5 u  
5 u  
5 u  
5 u  
5 u  
5 u  
5 u  
10 u 
10 u 
10 u 
10 u 
173 
5 u  
5 U  
5 u  
10 u 
Z J  
s u  
5 u  
10 u 
5 u  
10 u 
5 u  
5 u  
Z J  
511 
5 u  
5 u  
5 u  
5 u  
10 u 
1.3 u 
5 u  
5 u  
5 u  

WWlt 

W/KE 
UG/ KC 
W K G  
UG/ KO 
W K G  
W/KG 
W/KO 
UQ/KG 
tl6/KG 
UG/KG 
W/kG 
UWKG 
W K G  
&/KG 
UG/KG 
UG/KG 
UUKG 
M/KG 
UQ/K5 

0 UC/KS 

UG/KG 
U C l K G  
UGlKG 
UWKG 
UG/KG 
Ut/ KG 
W K G  
UG/KG 
W K a  
UG/KG 
UVKG 
W K G  
UG/ KG 
UG/KG 

Total 
Average 

2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
5.0 
5.0 
5.0 
1.0 

173.0 
2.5 
2.5 
2.5 
5.0 
2.0 
2.5 
2.5 
5 .O 
2.5 
s .o 
2.5 
2.5 
2.0 

2.5 
2.5 
2.5 
2.5 
5.0 
5.0 
2.5 
2.5 
2.5 

2.5 



OBS ANALYTE 

1 
2 
3 
4 
5 
6 
7 
a 
9 

10 
11 
12 
13 
14 
1s 
14 
17 

AnERlCIUn-241 
CESIW-137 
GROSS ALPHA DISSOLVED 
CROSS ALPtl4 PARTICLE RADlOAC 
GROSS BETA - DISSOLVED 
GROSS BETA PARTICLE W I O A C T  
PLUTWIUn-23B 

PLUTON1 w-239 
PLUTON 1 Wl-239/ 240 
RADiUn-226 
RAD I UU- 228 
STRO)ITIW-89,90 
TRlTlU1 
UMNIUW, l OTA l  
UUAN I W-233, -2% 
URAN ICM- 235 
URANIUM-238 

SEDlHEYT TOTAL RAD SWMARY ALL UlllS PCI/YO 

Total Total  
6mptes CRQL Hfts 

2 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
I 
1 
2 
1 
2 

21 

===E=== 

2 
1 
1 
1 
1 
1 
1 
0 
1 
1 
1 
1 
0 
1 
2 
1 
2 

18 

===**:.: 

20 490 
100 877.5 

4000 13270 
4000 16000 

10000 25880 
10000 17000 

0 1.623 J 

30 . 
30 27.52 J 

500 1082 
500 1976 

1000 112.7 J 

0 0.9 
300 788 
303 25.09 lr 
500 991.2 

L00000 . 

IWHWIT 

PCI/KG 
PC I /KP 
PCI/KE 
PCI/KG 
PCI /KG 
PCl/YG 
PCl/ffi 

PCI/KG 
PC 1 /KG 
PCI /KG 
PC I /KG 

PCI/KG 
PCI/KG 
PCI/KG 

Average 
Hit WIW W N I T  

251 .Pi! 
877.50 

13270.00 
16090.00 
2sao 6 00 
1?000.00 

1.62 

27.52 
1w.00 
1976.00 
712.70 

0.90 
679.00 

25.09 
660.60 

490 
877.5 
13270 
16000 
bam 
17000 
1.623 J 
10 
27.52 J 
1082 
1976 
712.7 J 
2322 
0.9 
788 
25.09 J 
991.2 

PCIIKG 
PCI/R 
PCl/KG 
PCI/KG 
?CI/KG 
PCl/KG 
PCI/KG 
PCI/KG 
PC!/KG 
PC I /KG 
PCl/KG 
PC I /rG 
PC I /L 

PCI/Kt 
PCI /KG 
PCl/KG 

Totai 
4vvcr.ge 

251 2 2  
677.50 

13270.00 
16000 .OO 
asso*oo 
17000 .OO 

1.62 
10.00 
27.42 

lD82.00 
1976.00 
n2.m 

1216.00 
0.90 

679.00 
25.09 

660.60 



SEDIMENT TOTAL METAL S W R Y  ALL UUITS W K G  

ODS 

1 
2 
3 
I 
5 
6 
'I 
8 
9 

10 
1 1  
12 
1s 
14 

' 15 
16 
I 7  
16 
19 
20 
21 
22 

26 
27 
28 

AYALYTE 

ALWlNLM 
ANTICIDUY 
ARSEU 1 C 
BARIUU 
BERYCLIM 
W l U M  
CALCIW 
CESILM 
CWRoC(1Un 
COBALT 
COPPER 
I RGY 
LEm 
LITHIUM 
MAGHESIUM 
MANGANESE 
MERCURY 
MOLYBDENUM 
NICKEL 
POTASSIUM 
SELENIUM 
SILVER 
EoblUn 
STRONTILM 
THALLIUH 
T I N  
VASA0 I UH 
ZINC 

Totel 
SMIpLcs 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
1 
z 
2 
3 
2 
2 
2 
2 
2 
2 
2 
2 
1 
2 
2 

55 
51111=1 

l e t a l  
CRPL Hit6 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
D 
0 
0 
0 
0 
0 
0 

1 
*=llll=r 

CRPL 

40000 
l 2 O O O  
2000 

10000 
1000 
1000 

2OOOOOO 
200000 

2000 
lD000 
5000 

20000 
1000 

20000 
2000000 

3000 
290 

40000 
8000 

2000009 
1000 
2000 

2000000 
40000 

2000 
LOO00 
?bobo 
4000 

Hoximrs 
H i t  

. 

27700 

* 

b 

HG/KG 27700 

. 

I(AXIW+( 

14800 
7.7 EH 
4.5 
200 
1 .I! 
1.1 a 
6810 E 
20.2 u 
10 
10.5 I 
30.5 
27700 
20.4 
10.4 B 

360 
0.5 
12 u 
15 
3640 
0.53 B 
1.2 u 
1 70 
56 
44 
17.6 B 
44.4 
71 

21120 E 

W U t t  

N W K C  
MWKG 
IG/KG 
MWKG 
UWKC 
MWKG 
RC/KG 
W K G  
HG/KG 

NG/KG 
W K G  
MWKG 
WG/KC 
M U K G  
HWKG 
RWKG 
WC/KG 
W K G  
M W G  
wffi 
flG/KG 
UWKG 
HG/YG 
MWKG 
HO/KG 
W K G  
MG/KG 
WG/KG 

Totel 
Average 

12650.00 
4.42 
2.80 

176.00 
1.15 
0.70 

5400 .oo 
7.55 
9.00 
8.70 

22.75 
moo .oo 

14. IS 
10.40 

2425 .oo 
301.50 

0.26 
5.10 

14.50 
27so.w 

0.29 
0 .so 

132.25 
52.50 
22.13 
17.60 
42.20 
68.80 



SEDIHENT PESTICIDE/PCB SUMMARY ALL UUlrS UG/KO 

08s 

1 
2 
3 
4 
5 
6 
? 
8 
9 

10 
11 
12 
13 
I&  
15 
16 
17 
18 
19 
20 
21 
22 

@ 26 

27 
28 

ANALYTE 

4,6 IoDDD 
L,4'.DDE 
4,CI-DDT 
ALDRIN 
AROCLOR - to16 
A R E L O R - 1 2 2 1  
MOCLOR - 1232 
ARROCLOR- 1242 
ARMLOR- j20s 
MDCLOR- 1254 
MDCLOR- 1260 
CHLORDANC 
DI ELDR CY 
ENDOSULFAN f 
ENDOSULFAN 11 
ENPOSULFAN SULFATE 
ENDRIN 
EWRIW YETONE 
HEPTACHLOR 
HEPTACHLOR EPOXIDE 
METHOXYCHLOR 
TOXAPHENE 
I I phr - BHC 
alpha-CHLORQANE 
bets-BHC 
del tr-BHC 
gam-BHC (LINDANE) 
p ~ - C H L O R D A N E  

tote1 
Samples 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
1 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
a 
1 
2 
2 
2 
1 

53 
c==*== 

Totaf 
CROL Hits 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

D 
...:.a=c= 

cRaL 

16 
16 
16 
8 

80 
80 
80 
80 
80 
80 
80 
80 
16 
8 

16 
16 
16 
16 
8 

80 
160 

8 
80 
8 
8 
8 
BO 

a 

M a x i m  Average 
Hit WAXWUUIT H i t  NAXIMUM 

43 u 
43 u 
If u 
22 u 
220 u 
220 u 
220 u 
220 u 
220 u 
430 U 
430 U 
15 u 
43 u 
22 u 
L3 u 
45 u 
L3 u 
41 u 
22 u 
22 u 
220 u 
L30 U 
22 u 
220 u 
2 2 U  
t z u  
22 u 
220 u 

CUXUNI T 

UQ/KG 
WE 
UP/KG 
UWKO 
UG/KG 
UWKG 
U W K G  
W Y G  
UG/KG 
UG/KG 
W K G  
UDlKG 
UOlKO 
w;/Kil 
UG/KG 
UG/KG 
UG/KG 
&/KG 
Wi/ KG 
uC/ KG 
U G K G  

UG/KG 
UG/KG 
UG/KG 

UG/KG 
UG/KG 
UWLO 
M/KG 

T o t d  
Average 

11.500 
11.500 
ll.500 
5,875 

58.750 
58.750 
58.750 
18.7% 
58.750 

1 15 IO00 
115,000 

7.500 
11 .so0 
5.875 

1 1 .SOD 
11.500 
11.500 
11.500 
5.875 
5.875 

58. TSO 
115.000 

5.en 
110 .ooo 

5.675 
5.875 
5.875 

110.000 



IS 

1 
2 
3 
I 
S 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
10 
19 
29 
21 
22 
23 

17 
211 
29 
30 
31 
32 
33 
54 
35 
36 
37 
38 
39 
10 
41 
42 
43 
44 
45 
46 
47 
46 
49 

ANALY TE 

1,2,4-TR ICHLOROBENZEWE 
1,2-DSCHLOROBEIZENE 
1,3-DICHLOROBENZEHE 
1,C-DI CIILOROBEYZENE 
2,4-DtNt TROTOLUENE 
2,L-DI Y I  TROTOLUEHE 
2-CHLDRWPHTHALEIE 
2-nElHY LWAPHTHALENE 
I-NITRO" LIRE 
3,3'-DlCHLORQBEJiZIDlNE 

4 - B W H E N Y L  PkEWYL ETHER 
4.CHLOROAN I L INE 
4-CHLOROPHEHYL PHEYtL ETHER 
6-NITROANILINE 
ACEIAPHTHPNE 
ACENAP HTHY LEK 
ANTHRACENE 
BEUZD(e)AHTHRACENE 
IEWZOt &>PIREWE 
BEIZO( b)FLUORAkTHENE 
IIENZO(ghf )PERYLEYE 
BSNZO(k)F LUORANTHEKE 
Bls(2-CHLoROETHo~Y)METH~E 
BIS(2-CHLOROETHYL )ETHER 
IIS(2- CHLOROl SOPRDPYL)ET HER 
IIS(2.ElHYLHEXYL)PHTHALATE 
BUTYL BENZYL PHTHALATE 
CHRYDENE 
Dl-n-BUTYL PHTHALATE 
01-n-OCTYL PHTHALATE 
0 IBEIZO(s,h)ANTHRACE~E 
b IBEWZOFURAN 
DIETHIL PHTHALATE 
DIMETHYL PHTHALkTE 
fLWANTHENE 
FLUORENE 
HEKACHLOROBENZENE 
HEYACHLOROBUTM I ENE 
HEXACHLOROCYClWENlAD IENE 
MEKACHLORMTHANE 
IYDENO(1 ,P,)-Cd)PYRENE 
ISOPHORONE 
K- NITROSO-DI -n-PROPY LAM1 NE 
W- Wl TROSOoI PHENYLAMf RE 
NAPHTHALENE 
YITRQBEHZENE 
PIEMNT HREHE 
PYRENE 

S-NITROANI LXNE 

Total  
Surp\os 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

9 0  

e.l=IL.r== 

SEDlMUf BASE NEUTRAL EXTRACTABLE W M A R Y  ALL UNITS UG/YG 

Total 
EROL H{tn 

0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
1 
0 
1 
1 
1 
1 
1 
1 
0 
0 
0 
t 
0 
1 
1 
0 
0 
1 
0 
0 
1 
1 
0 
0 
0 
0 
1 
0 
0 
1 
0 
0 
1 
1 

18 
D E : L r l = .  

Wilma 
CRGL R i t  

330 . 
330 , 
330 . 
3 3 0 .  
3110 . 
330 . 
330 20 J 

1600 . 
660 

t600 . 
330 . 
SO . 
330 * 

1600 , 
330 210 J 
330 , 
330 400 
330 550 
330 560 
330 8eO 
330 680 
330 880 
S30 , 
330 
330 . 
330 120 J 
330 . 
330 530 
350 80 J 

330 . 
330 160 J 
330 . 
330 , 
330 1600 
330 160 J 

330 . 
330 
330 . 
330 . 
330 560 
330 . 
330 . 
330 360 JB 
330 . 
330 
150 f400 
330 1300 

330 . 

330 

UAXHUWlT 

UGlKQ 

U G K G  

UC/KG 
W I G  
UG/KG 
W Y G  
UG/KC 
UG/KG 

- &/KG 

UG/KG 
UGIKG 

UC/KG 

UWKC 
UWKG 

UG/LG 

W K G  

W/KG 
W K G  

AvcrrQo 
Hft 

I 

20 

. 

E40 

400 
520 
560 
080 
680 
880 

120 

530 
I 

ao 

160 

1600 
160 

560 

360 

1400 
1300 

winw 

890 U 
890 U 

890 U 

890 u 
890 u 
890 u . 
4300 u 
1800 u 
400 u 
890 u 
890 U 
a90 u 
4300 u 
890 u 
89dU 
690 U 
690 U 
890 u 
890 U 
890 U 
890 U 
avo u 
8W U * 

890 U 
690 U 
890 U 
690 U 
890 U 
890 U 

890 U 
a90 u 
690 U 
1600 
890 U 
890 U 
8W U 
890 U 

890 u 
890 U 

890 u 
1190 u 
890 u 
890 u 
1400 
1300 

a90 u 

am u 

890 u 

a90 u 

HAXUNIT 

UC/KG 
W/UO 
UG/KG 
UWKG 
U W K G  
W K G  
Uc/a 
W/KE 
UG/KG 
UWKG 
UC/KC 
W/K5 
UG/KG 
M / K G  
UG/KG 
W K G  
UG/KG 
UC/KG 
UVKG 
UG/WG, 

UWKG 
UG/KE 
UWYG 
UWKG 
UC/KG 
UC/KG 
W K C  
UGIKG 
UG/YG 
&/KG 

UGlKG 
IJG/KG 
wwa 
UG/KG 
UGf KG 
UC/KG 
UWWG 
UWKG 
UWKG 
UG/KG 
UWKG 
UWKG 
UG/KG 
W K G  
USfWR 
UVKG 
UWKG 
W K G  

UWWG 

T o t a l  
Average 

322.5 
322.5 
322.5 
322.5 
322.5 
322.5 
322.5 
P2.5  

1575.0 
650.0 

1575.0 
322.5 
3223 
322.5 

1575.0 
342 -5 
322.5 
422.5 
482.5 
502.5 
662.5 
562.5 
662.5 
322.5 
322.5 
122.5 
282.5 
522.5 
687.5 
262.5 
322.5 
322.5 
302.5 
322.5 
$22.5 

1022.5 
302.5 
322.5 
322.5 
322.5 
322.5 
502.5 
322.5 
322.5 
402.5 
322.5 
322.5 
922.5 
872.5 



OBS 

I 
2 
3 
4 
5 
6 
7 

9 
10 
11 
12 
13 
14 
15 
16 

a 

UALYTE 

~,1,5.TRICHLWOPHENOL 
2,4,6-TRICHLOROPHENOL 
2,4-D [CHLOROPHENOL 
2,4-D1 METHYLPHENOL 
2,4-D! W ITRWHEYOL 
2-CHLORWHE);M 
2-WETHYLPWENOL 
2-NITROPHENOL 
4,6~01NITRO-2*HETHYlPHENOL 

&-#THY LPHENOL 
4-NITROPHENOL 
BENZOIC ACID 
DEUZYL ALCOHOL 
PENTACHLOROPHEYOL 
PHENOL 

4- CHL~RO-S- WRHY LPHENOL 

Total 
Sanpler 

2 
2 
2 
2 
2 
2 
2 
2 
t 
2 
2 
2 
2 
2 
2 
2 

32 
=ii=.=== 

SEDIWEWT ACID WTRAETABLE EUHHARY ALL UNITS UWKG 

Total 
CRPL Hits 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
6 
0 

0 
+===PI= 

CRPL 

1600 
330 
330 
330 

1600 
330 
330 
130 

1600 
350 
530 

I600 
1600 
330 

1600 
330 

llaximun bve r age 
Hit M X H U I I T  Hit 

. 

WIIIUH 

1300 U 
890 u 
890 u 

l30D U 
890 U 
890 u 
090 u 
4300 U 
890 u 
890 U 
4300 U 
4300 U 
890 U 
4300 u 
890 U 

Ma u 

WUNf 1 

M/KE 
UOIKG 
UG/ffi 
UWKG 
UG/KG 
UWKG 
UCIKG 
WlKO 
UWKG 
UG/ KG 
W K G  
UGf KO 
WKG 
Mi/ KG 
W K G  
WKG 

Total 
Average 

1575 .O 
322.5 
322.5 

1575 .O 
322.5 
S22.5 
322.5 

1575.0 
322.5 
322.5 

1575.0 
1575.0 
322.5 

1575.0 
322.5 

323.5 



Locat ion=SED006 SEDIHEUT VDA SLMUARY A l l  UNITS UG/KG 

IS 

1 
z 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 

, 18 
19 
20 
21 
22 
23 

I 

27 
28 
29 
30 
31 
52 
33 
34 
35 
36 

AUALVTE 

1,1,1-TR1CHlORO€THANk? 
1,1,2,~-TETRACHLORDETHANE 
1,1,2-TRICHLOROETHANE 

1,1 -DfCHLDRMTHENE 
1,t-D I CHLMDfT H A E  
1,2-DI CHLDROETHEYE 
1,2-DtCHLDROPRWANE 
2-BWANONE 
2-CHLORETHYL VINYL ETHER 
2-HEWONE 
14ETHYL-2~PEUTANOE 
ACETOW€ 
BEU2ENE 
BRWDDICHLORDMETHANE 
BRMDFORW 
BRWDWETIIANE 
CARBON D I SUL F ID€ 
CARBON TETRACHLORIDE 
CHLWOBEHZENE 
CHLORdETHANE 
CHLOROFORM 
CHLORW)4i T HA NE 
0 16RWCHLO2OMETWNE 
ETHYLBENZENE 
METHYLENE CHLORIDE 
STYRENE 
TETRACHLOROETHENE 
7OLUENE 
TOTAL XYLENES 
7RICHLDRCETHENE 
VlNYL ACETATE 
VINYL CHLORtDE 
cis- 1,3-DICHLOROPROPENE 
t~~~-l,2-DlCHLOROETHENE 
trenS-l,3-D1 CHLOROPROPENE 

1, l-DI CHLOROFTHANE 

Totat 
Samples 

2 
2 
2 
2 
2 
2 
1 
2 
2 
1 
2 
2 
2 
2 
2 
2 
z 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
1 
2 

69 
c=s:=== 

Total 
CROL Hits 

0 

0 
0 
0 
0 
0 
0 
2 
0 
0 
0 
2 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

7 

0 .  

=3*.s.--s= 

CRQL 

5 
5 
5 
5 
5 
5 
5 
5 

10 
0 

10 
10 
10 
5 
5 
5 

10 
5 
5 
5 

I O  
5 

10 
5 
5 
5 
5 
5 
5 
5 
5 

10 
10 
5 
5 
5 

Marl  ~ u l l  

H f t  WXWJNlT 

* 

. 

SO 6 U W C  

to6 U G f K G  

1 J  W K G  

2 BJ UG/KG 

‘ 

Avernge 
H i t  

. 

24.5 

77.0 

1 .o 

1.5 

7 u  
T U  
t u  
T U  
7 u  
T U  
7 u  
7 0  
30 B 
10 u 
‘I& u 
14 u 
106 
7 u  
T U  
t u  
14 u 
7 u  
7 u  
7 u  
1h u 
7 u  
14 U 
7 u  
7 u  
2 BJ  
7 u  
7 u  
7 u  
? U  
7 u  
14 u 
14 u 
7 u  
5 u  
7 u  

UWKG 
UWKC 
UWKG 
UWKG 
UG/KG 
UWKG 
UWWC 
W/KG 
W K G  
UGm 
W K G  
W K G  
W/KG 
U G I K G  
UG/KG 
UGIKG 
UWKG 
UGIKG 
UWKG 

’ uc/Ko 
UWKG 
U W G  
UE/KG 
UWKG 
UCIKG 
UC/KG 
UGKC 
UC/KG 
U G K G  
UC/Ka 
UG/YG 
UG/KC 
UVKC 
UGfKG 
UWKG 
UGlKC 

Tote\ 
AVwMOe 

J.00 
3.00 
3.00 
3 .OO 
3.00 
3.00 
3.50 
3.00 

24.50 
5.00 
6.00 
6.00 

77.00 
3.00 
3.00 
3.00 
6.00 
2.25 
3.00 
3.00 
6.00 
3.00 
6.00 
3.00 
3.00 
1.50 
5.00 
3.00 
3.M 
3.00 
3.00 
6.00 
6.00 
3.00 
2.50 
3.00 



SEDIMENT l'OI'AL RAD SUMMARY ALL UNITS PCI/KG 

08s 

1 
2 
3 
4 
5 
6 
7 
8 
9 

ANALYTE 

AMERlCIW-241 
CES1UI-l- 
GROSS ALPHA PA9TICLC RAOIOAC 
GROSS BETA PART I CLE RAD IOACT 
PLUTONIUM-239 
TRt 1 tM 
UIAll!Un, TOTAL 
WAN JUn- 233, -234 
URAN IW-236 

Total fatal  
Spmptcs CRPL Hits 

Hsx!nrm 
CRPL H i t  

20 st0  
100 wo 

4000 24000 
10000 32000 

30 1900 

0 1.95 
300 SO 
300 1000 

LOOODO . 

MAXHUWiT 

PCI/KG 
PC I/KC 
PCS/YO 
PCI/YG 
PC I/KG 

PC 1 /KG 
PCI/KG 

Avoragt 
Hft 

420.00 
900.00 

2I000 .OD 
52000 .oo 
1WO.00 

1.95 
950.00 

1000.00 

w(IM 

420 
900 
2LOOO 
32000 
1900 
-30 
1.95 
950 
1000 

W N I T  

PCI/KG 
PCS/KG 
PCI/KG 
PC 1 /KG 
PCI/KG 
PCI/L 

PCl/KG 
P W K Q  

Totel 
Average 

120.00 
900.00 

240O0.90 
32000.00 

1900.00 
-30.00 

1.95 
950.00 
IOGO.00 



SEDIHEUT TOTAL METAL SW4ARY  ALL UNITS UWKO 

tBs ANMYlE 

1 ALUUINUI 
2 A N T I W Y  
3 ARSENIC 
4 BARIUH 
9 BERYLLIUM 
6 UDMIUN 
7 MLCIW 

9 CHRWIUU 
10 COBALt 
11 COPPER 
12 IRON 
13 LEM 
14 LITHIUH 
15 MAGNESIUM 
i6 WGANESE 
17 &RCWU 
16 MOLYBDENUM 
19 NICKEL 
20 POTASSIUM 
21 S€LfNIUM 
22 SILVER 

a cestw 

-+ tlW 
27 VAWADIW 
28 . 21WC 

Tptal 
S W l W  

2 
2 
2 
2 
2 
2 
> 
2 
2 
2 
2 
2 
2 
1 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
1 
2 
2 

54 
.C:.SP= 

Total  
CRPL Hito 

1 
0 
1 
1 
0 
I 
1 
0 
1 
0 
i 
i 
1 
0 
1 
1 
0 
0 
1 
0 
0 
1 
0 
0 
0 
0 
1 
1 

'IS 

.cC3z==== 

c m  

10000 
12000 
2000 

40000 
1000 
l o00  

2000000 
zooooo 

10000 
5000 

20000 
1000 
20000 

2000000 
30DD 

40003 
a000 

2000000 
t 000 
2904 

2000000 
40000 
2000 

40000 
1 DOC0 
coo0 

200a 

2a0 

HdxiDklR 

Hi t  

10000000 

4200 
154000 

1800 
4940000 

14700 

16300 
16000900 
26100 

258D000 
752000 

. 

. 

. 

16500 

2:209 . .  

39600 
74200 

KhXHMI1 

UG/YG 

UG/KG 
UO/YG 

&/KG 
W/KG 

W K G  

UG/KC 
UG/KG 

W K G  

W/KG 
UG/KC 

UG/KG 

UWKG 

UWKG 
UG/KG 

Werage 
nit 

1ooooDoo 

4200 
154009 

1800 
1940000 

147'00 

16300 
14OODO00 

26100 

2580000 
1520M) 

I 

b 

16500 

21200 

3%00 
74200 

WIW 

10000000 
15000 U 
4200 
154000 
1500 u 
1890 
b940000 
251000 U 
14700 
12500 U 
14300 

26100 
25100 U 
2580030 
152090 
130 U 
25100 U 
16500 
1290000 

21200 
lZ50000 U 
251000 u 
2500 U 
25100 U 
30600 
74200 

i6cx)aooo 

1300 u 

W N I T  

Uorm 
UG/XG 
WiKG 
UC/KG 
UGIKG 
UWKC 
UWKG 
UC/KG 
UWKG 
UC/Lfi 
UGJKG 
UC/CG 
M/KG 
ua/Ko 
U c m  
UE/KG 
UG/KG 
U W K G  
U C K G  

UWKG 
UG/KG 

UG/KG 
UMKG 
UC/KG 
UE/KC 
UWKQ 
W K C  

UE/KG , 

Total 
Avcrege 

5000004.85 
575 1 -43 
Zloa.05 

77028.50 
326.tS 
900.15 

2170355 .OO 
@Et.  Is 
n58,OO 
3129.00 
8159.50 

8606250 ' 00 
13057.00 
f2550.00 

1290 t 25.00 
76100.00 

32.63 
6280.50 
8297.00 

325.06 
10601.10 

312557.50 
62757.00 

12550.00 
198 1 6.00 
37l35.50 

646m.oa 

625 27 



OBS 

1 
2 
3 
4 
5 
6 
7 
8 
0 

10 
1 1  
12 
13 
14 
15 
16 
17 
18 
19 
20 
PI 
22 

26 

AUALYTE 

4,4'-DDD 
4,I' *DDE 
4,4 '  - DDT 
ALDRIN 
AROCLOR-1016 
ARMLOR- 1221 
AROCLOR-1232 
AROCLOR-1242 
AROCLOR*1208 
AROCLOR- 1254 
AROCLoft-1260 
CHLORDANE 
B 1 ELDRIN 
ENDOSULFAN I 
ENDOSULFAN 11 
EnDoSULFAN SULFATE 
EUDRIW 
EHDRII KETONE 

HEPTACHLOR 
HEPTACHLOR €POX IDE 
METHOXYCHLOR 
TOXAPHENE 
rlpha-BHC 
bcta.BHC 
delta-BHC 
~NI~M~-BHC (LIYDANE) 

SEDIMENT PEPTICIDE/PW EUIIMARY ALL UNITS UG/KG 

10toi 
CRQL Hits 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
==a$===== 

CRPL 

16 
16 
16 
8 

80 
80 
80 
Bo 
80 
80 
80 
60 
16 

16 
16 
16 
16 
8 
8 

80 
160 

8 
6 
8 

a 

a 

Waxiaun 
H i t  

1 

Average 
MAXHUNIT Hft MXIW 

4 u  
4 u  
1 U  
2 u  
20 u 
20 u 
20 u 
20 u 
20 u 
40 u 
10  u 
20 u 
1U 
2 u  
4 u  
4 u  
4 u  
4 U  
2 u  
2 u  
20 u 
40 u 
2 U  
2 u  
Z U  
2 u  

W Y I T  

U V K G  
UG/KG 
U V K G  
UC/KG 
UWYC 
W K O  
U V K G  
UWKG 
UWKC 
UWZO 
ffi/Kt 
UG/KG 
UWKC 
UWKG 
UWKG 
W K G  
UWKC 
UWKG 
UG/KG 
U V K G  
UG/KE 
UWKG 
UWKG 
U V K C  
W K G  
W K G  

lotel  
Average 

2 
z 
2 
1 

10 
10 
10 
10 
10 
20 
20 
10 
2 
1 
2 
z 
2 
2 
1 
1 

10 
20 

1 
1 
1 
1 



SEDIMEWT BASE NEUTRAL EXTRACTABLE S W R Y  ALL UNIT6 %/KG 

OBI 

1 
2 
5 
4 
5 
6 

7 
a 
0 

10 
11 
12 
13 
16 
15 
16 
If 
18 
19 
20 
21 

e 25 

26 
27 

29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
Lo 
61 
12 
43 
16 
41  
M 
47 
4a 

211 

AUALYTE 

1,2,4-TRICIkOROBENZENE 
1 , P - D f C H L ~ B E W Z E Y E  
1,3-DICHLOROBENZENE 
1,4-DlCtIL04MIENZEYE 
2,4-D1)l? TROTOLUEYE 
2,6-D I YI TILOTOLUENE 
2-CHLOAOIIAPHTHALENE 
EUETHYLYAPHTHACENE 
2-N f T R O U  I L I Y E 
3,3'-OI CHLOROBELIZI b IN€ 
S-NlTROAWILIUE 
4-EWPHEYYL PHENYL ETHER 
4-CHLOROANILINE 
4-CHLDOOPHENYL PHENYL ETHER 
1-Y~TROANI 1 I W 
ACEWAPHTHENE 
ACEYAPHTHY LENE 
ANTHRACENE 
E€Y20( e)ANTHRACEWE 
BENZO(a)PYRENE 
IIENZO(b) FLUORAWTHEUE 
EENZO(ghf )PERYLENE 
EENZO( k) FLuoRANTHENE 
BIS(2=CHLOROETHOXY)IIETHRUE 
BfS(2-CHLaROETHY L)ElHER 
8IS(2-CtlLOROI SOPR0PYL)ETHER 
BIS(2-ETHYLHEXYL )PHTHALATE 
BUTYL BENZYL PHTHALATE 
W R Y  SENE 
01-n-WTrl PHTHALATE 
oi-n.ocTyL PHTHALATE 
DlBERZO(&, h)ANTHilACENE 
D IBENZQFURAN 
DIETHYL PHTHALATE 
DIMETHYL PHTHALATE 
FLUORANTHE NE 
FLUORENE 
HEXACULORDBEWZECIE 
NEXACHLOROEUTAb lENE 
WEXACHLoROCYCLOPEWTAfEhE 
HEX AC H LORMT HAN E 
INDEUO(1,2,3- cd1PYRENE 
ISOPHWCME 
W-NITROSO-DI-n-PRWYLAHINE 
N*NtTROSoD IPHEHYUnl NE 
MkPHTHALENE 
NITROeEWZENE 
PHENANTHRENE 
PYRENE 

Total  
Saqlcn 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
t 
2 
2 
2 
2 
2 

' 2  
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

ma=L=== 

Total 
CRPL H(Z6 

0 
0 
0 
a 
0 
0 
0 
0 
0 
0 
0 
5 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
? 
0 
0 
2 
0 
0 

0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 

c i 8 8 m n a  

a 

a 

Maxim 
CRPL Hit  

3x7 . 
330 . 
350 . 
330 . 
330 . 
530 . 
330 . 
330 . 

1600 . 
660 . 

1600 . 
no . 
DO . 
550 . 

W O  . 
330 . 
330 . 
330 
330 . 
330 . 
330 . 
550 . 
330 . 
330 . 
330 . 
330 . 
330 190 JS 
330 . 
330 390 E 

330 . 
350 . 
330 . 
330 . 
330 . 
330 
335 . 
330 * 
330 . 
330 0 

330 . 
330 
330 1100 D 
330 
330 . 
no . 
330 . 

330 e 

330 . 

330 v 

Aver age 
W H U Y I T  Hit IUXIMUM 

430 u 
430 U 

430 U 
430 U 
4SO U 
430 U 
430 u 
130 U 
2204 U 
870 U 
2200 u 
430 U 
450 U 
430 0 
2200 u 
L30 u 
430 u 
430 u 
130 u 
430 U 
430 U 
430 u 
630 U 
430 u . 
430 u 
130 U 
130 u 
430 U 
430 U 
390 B 
430 U 
450 U 
630 U 
430 U 
430 U 

630 U 
430 U 
4so u 
430 u 
430 u 
uo u 
430 u 
wo u 
430 U 
1100 B 
430 u 
130 u 
430 u 
430 u 

WXU f T 

UGlKG 
W K G  
UC/KG 
UWKG 
UG/KG 

W Kfi 
UG/KG 
UWKG 
UC/KG 
W K G  
UG/KG 
w m  
UC/YG 
UG/KG 
UGfKO 
UOIKG 
W K G  
UC/KG 
M/KG 
UQ /Kcl 
UGIKG 
UGIKO 
UGIKC 
UOIKG 
UG/KG 
UG/ KG 
UG/KC 
UG/KG 
W/K@ 
W K G  
UGIYG 
UC/KG 
Uti/ KG 
UWKG 
UWKG 
UWKG 
UWKG 
UG/KO 
UWKG 
UC/KG 
UG/KG 
UG/wE 

UGKG 
UGKG 
UO/KG 
w/KQ 
UWKG 
U c m  
UWKG 

rotel 
Average 

205.0 
2b5.0 
205.0 
205.0 
205 .O 
205.0 
205 .O 
205.0 

1050.0 
112.5 

1050.0 
205 .O 
205 .O 
205.0 

1050.0 
m5.0 
205.0 
205.0 
205.0 
205 .O 
205,0 
205 .o 
205.0 
2M.D 
205.0 
205.0 
202.5 
205.0 
205.0 
244.0 
205.0 
205.0 
205 .O 
z05.0 
205 .O 
205.0 
205 .O 
205.0 
205 .O 
2m.0 
205 .O 
205 -Q 
205 .O 
201 ,o 
657.5 
205.0 
205.0 
2q5.0 
205.0 



t ionSEDOO3 e 
OB S 

1 
2 
5 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

ANALYTL 

2,4,5=TR I CHLWDPHEWOL 
2,4,6-TRICHLWOPHEUOL 
2 , 4 - D l  CHLOROPHENOL 
2,4-OIIIETHYlPHEWOL 
2,4-DI MI TROPMYOL 
2-CHLDRWHENOL 
2-METHYLPHENOL 
2-NITROPHENOL 
1,6-DIUITRO-2-nETHYLPHENOL 
4-CHLORO-3-METHY LPHENOL 
4-METHYLPHENOL 
4.YIlROPHEYOL 
BENZOIC ACID 
BENZYL ALCOHOL 
PENTACHLOROPHENOL 
PHENOL 

Tote \  
Samples 

2 
2 
2 
z 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

32 
Pn.== 

SEDIMENT AClD EXTRACTABLE M R Y  ALL UNITS W K P  

Total 
a a L  Hits 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
LIILII.IP.  

CRPL 

1600 
330 
330 
350 

1600 
330 
330 
350 

1660 
330 
330 

1600 
1630 
330 

1600 
330 

. 
NAXXMIJN 

2200 u 
450 u 
430 u 
I30 U 
2200 u 
430 U 
U O  u 
130 U 
2200 u 
130 U 
&SO u 
2200 u 
2200 u 
630 u 
2200 u 
430 u 

W U N  I T 

UG/UO 
UG/KG 
W KG 
W/KO 

U W W G  
W/KG 
UGf KG 
W/KC 
W K G  
W/KG 
UG/KG 
UWKG 
U W Y G  
UGf KG 
UG/KG 
UG/I;E 

Total 
Average 

i050 
205 
205 
205 

1050 
205 
205 
205 

1050 
205 
205 

1050 
1050 
202 

1050 
205 



LEDWENT VOA CUnnARY A11 UNITS UG/KO 

AS 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
11 
11 
15 
16 
17 
18 
19 
20 
21 
22 

s 

2T 
28 
29 
30 
31 
32 
33 
34 
55 
36 

AMALYIE 

l,f,l-TRICHLOnOEIHAhE 
1,t ,2,’i!-fETRACHLOROETHAI;E 
1,1,2-?RICHLOROETWAIIE 
1,l-0 ICHLQROETHAWE 
1,l-DICHLOROETHENC 
1,2*0fCHLORQTHAUE 
1,2-DICHLOF(MTHEWE 
1,2=DICHLOROPRoPANE 
2 - ~ A N O N E  
2-CHLOROETHYL VINYL ETHER 

kHETHYL- 2.PENTAMOIIE 
ACETOKE 
6ENZENf 
BROr(M)ICHLMOHETHANE 
6 R W F O R M  
BWWETHANE 
CARBON DISULFIDE 

CARBON TETRACHLORIDE 
CHLORCBEUZEUE 
EHLOROETHbNE 
CHLOROFORM 
CHLOROMETHANE 
D I ORWOCHLOROCIE T HANE 
ETHYLBENZENE 
METHYLENE CHLORIDE 
STYRENE 
TETRACHLORMTHENE 
TOLUENE 
TOTAL XYLENES 
TR1 CHLOROETHENE 
VINYL ACETATE 
VlUYL CHLORIDE 
C~S-1,3-DICHLOROPROPENE 
t rans-  I,2-OICHLORDETHE#E 
t r 8 ~ - l  ,J-DICHLORDPRWEHE 

t-nExAwowE 

lotat 
Gampter 

2 
2 
t 
2 
2 
2 
1 
2 
2 
1 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
1 
2 

=EL==== 

total 
CRPL Hits GRQL 

0 5 
0 5 
0 5 
0 5 
0 5 
0 3 
0 5 
0 5 
1 10 
0 0 
0 10 
0 to  
1 10 
0 5 
Q 5 
0 5 
0 10 
0 5 
0 5 
0 5 
D 10 
0 5 
0 10 
0 5 
0 5 
2 5 
0 5 
0 5 
0 5 
0 5 
0 5 
0 10 
0 10 
0 5 
0 5 
0 5 

1==+5SZIL 

Average 
W H U H I T  Hit 

UC/KG 2.0 

UG/KG 240.0 

UG/KQ 48.5 

. 

WXIWH 

b U  
6 U  
6 U  
6 U  
6 U  
6 U  
6 U  
b U  
IO u 
1Q 0 

13 u 
13 u 
240 
6 U  
6 U  
6 U  
25 u 
6 U  
6 U  
6 U  
13 u 
6 U  
13 U 
6 U  
6 U  
90 
6U 
6 U  
6 U  
6 U  
6 U  
13 U 
13 U 
6 U  
5 u  
6 U  

W N I T  

WKG 
W K G  
W/KG 
W K G  

%/KG 
UWKG 
UGIKG 
W K G  
UWKG 
Utim 
UGIKG 
W K G  
UG/KG 
UWKG 
UG/KG 
W K G  
W K C  
UC/KG 
UC/KG 

’ UWKG 
UG/KG 
U 4 K G  
UWKC 
uO/Yfi 
UG/KG 
W K G  
U V K G  
UG/tG 
W K G  
UWKG 
M/KC 
UYKG 
UG/KG 
UC/KG 
UC/KC 
UG/KG 

Total 
Averape 

2.75 
2.75 
2.75 
2.75 
2.75 
2.75 
3.00 
2.75 
I .30 
5 .OO 
f ,?5 
5.75 

123.25 
2 .n 
2.75 
2.75 
5 .E 
2.75 
2 .?5 
2.75 
I .?5 
2.75 
5 .n 
2.75 
2.75 

48.50 
2.75 
2.75 
2.n 
2.75 
2. n 
5.75 
5.n 
2.75 

2.75 
2.5a 

69 I 



AS 

1 
2 
3 
4 
5 
6 
7 

9 
10 
11 
12 
13 
14 
1s 
16 
17 
10 
19 
20 
21 
22 

a 

6 
27 
28 
29 
30 
31 
32 
33 
34 
If 
36 
37 
38 
19 
40 
11 
42 
43 
44 
4s 
46 
47 
c8 
49 

UULYTE 

1 ,il,4.fR ICHLOROBENZEHE 
1,Z-0 r CHLWOBENZE NE 
1,3.bICHLDROBE)IZENE 
1,C-DI CHLORWENZENE 
2,4-DlMl TROTOLUENE 
2,6-DIN ITROTOLLJEIE 
2-CHLoRONAPHTHALEUE 

2-NITROANILINE 
3,$'-DlCHLOROBENZIDLNE 
3-Y I T R W I  L I NE 
~-MOWOPHEWIL PHENYL €THER 
4-CHLOROANlLINE 
4-CWLOROPHEHYL P H E W  ETHER 
4°YITROAWILIHE 
ACEWIPHTHEXE 
ACEHAPHTHYLENE 
UlHRAtENE 
BEWZO(a)ANTtWACENE 
B€h'ZO(o)PYRENE 
B E N f D (  b)FLUORANTHENE 
BENZO(9hI )PERILEN€ 
BENZOt k)FLWRANTHENE 
SlS(Z*CHLOROfTWXY )ETHANE 
BIS(Z-CHLOROET~YL)ETHER 

BIS(2-ETHY LHEXYL)PITHALATE 
BUTYL BENZYL PHTHALATE 
CHRY SENE 
DI  -n-BUTYL PH'THAALATE 
01-n-bCTYL PHTHALATE 
D IBENZO( I, h)ANTHRACEWE 
D IBENZOFuRAti 
DIETHYL PHTHALATE 
DIHETHYL PHTHALATE 
FWRAMTHENi 
FLUORENE 
HEXACHLbROBENZENE 
lrEXACHLORQDUTM [EWE 
HEKACHLOROCYCLOPENTAD IENE 
HEWCHLOROETHANE 
1)LDENOC I ,2,3-bd)PYRENE 
XSOPHORWIE 
U- NI TROS0.D 1 -n- PROPYLAHI NE 
I-R 1 TROSCOIPHENYLAMI NE 
W H T H A L E N E  
WI rRdsENtENE 
PHENAWTHMYE 
PYREWE 

~-HPTHYLYAPHTHALENE 

S(2-CHLOROI SOPR0PYL)ETHER 

Totsi 
Samples 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
I 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
t 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

49 
I r L R E C C  

SEOkHEYT BASE NEUTRAL CXTRACTABLE S W R Y  ALL UNITS UC/KG 

Total  
ERQL nits 

0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 

2 

a 

LaaI=EIF. 

Hax i m  
CRQL Hit 

330 . 
f30 . 
no * 

530 a 

330 . 
330 . 
330 . 
m .  

1600 . 
b b o .  

1600 . 
S O  . 
330 . 
9 0  . 

1600 
330 . 
330 c 

330 . 
330 , 
330 . 
330 . 
330 . 
330 . 
330 . 
330 . 
330 I 

330 200 J 

330 . 
330 . 
330 . 
330 . 
330 . 
330 . 
330 . 
530 . 
330 . 
330 . 
330 . 
330 . 
330 , 
330 . 
330 . 
330 . 
330 
330 240 J B  
330 . 
330 . 
330 
330 . 

Average 
WAXHUMIT Hit 

UG/KG 200 

. 

UG/KG 240 

' 

WIW 

I O 0  u 
LOO u 
400 U 
400 U 
600 U 
M O  U 

400 U 
400 U 
200J u 
800 U 
2000 u 

400 u 
io0 u 
2000 11 
400 U 
400 U 

400 U 
coo u 
400 u 
600 u 
LOO u 
LOO u 
LOO u 
400 u 
400 U 

ZOO J 
400 U 
000 u 
400 u 
600 u 
400 U 
&OD U 
100 u 
100 u 
100 v 
400 U 
400 U 
100 u 
400 u 
400 U 
bo0 U 
400 U 
400 U 
240 JB 
100 u 
LOO u 
400 U 
LOO u 

a o  u 

WAXUNZT 

@/KG 
W K G  
UC/KG 
UG/UG 
UG/KG 
W K O  
UG/KG 
UQ/KG 
UG/KG 
u4w 
uwm 
&/KG 
W K C  
U C l K G  
UCfKG 
ffi/KG 
UG/KG 
UG/KG 
U W K G  
UC/KG 
W K 6  
UG/CC 
&/KC 
UG/KG 
UG/KG 
UG/KG 
UG/KG 
UG/KG 
U G / U  
UWKG 
UG/KG 
UWKG 
W/KG 
UG/KG 
ffif KG 
UG/KG 
W/KG 
uE/KG 
UC/KG 
W K C i  
UGlKG 
UWWC 
UEIKG 
UWKG 
W W G  
UEIKG 
Wffi 
UO/KG 
UWKG 

Total 
Average 

200 
2Qa 
200 
200 
200 
200 
200 
ZOO 

1000 
400 

1000 
200 
200 
200 

1000 
200 
200 
200 
200 
200 
ZOO 
200 
200 
200 
200 
200 
200 
200 
200 
200 
200 
200 
200 
200 
200 
200 
ZOO 
200 
200 
200 
200 

200 
200 
260 
200 
200 
200 
200 

a a  



SEDIMENT F'ESTICIDE/PCB SUMWY ALL UNITS &/KG 

JBS 

1 
z 
J 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
M 
21 
22 

26 

ANALYTE 

~,lt*DDO 
4,4'.DDE 
L,L' -DOT 
ALDR J N 
AROCLOR-1016 
AROCtDR- 1221 
AROCLOR-1232 
AROCLWI-1242 
AROCLOR- 1248 
AROCLOR-tZf4 
AROCLOR- 1260 
CHLORDANE 
DIELDRIN 
ENDOSULFAN I 
EYDOSULFAN If 
ENDOSULFAN SULFATE 

ENDRIN 
ENDRIN KETONE 
HEPTACHLOR 
HEPTACHLOR EPOXIDE 
llETHOXYCHtOR 
TOXAPHENE 
sl*a-BHC 
b.te-BHC 
del t &*BHC 
#8Un&-BHC (LINDANE) 

rotat 
Sampl e8 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

26 

-_---_ 
--I--- 

Total 
CROl Hits 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
D 
0 
0 
0 
0 
0 
0 
0 

0 

a 

--------- 
..--1----. 

CRQL 

16 
16 
16 
6 

80 
80 
80 
so 
80 
BO 
80 
BO 
16 
8 

16 
16 
16 
16 
8 
8 

00 
160 

8 
8 
8 
a 

M U i M  
Hit 

. 
I 

Averrae 
W H U N I T  H i t  W X I M  

3 u  
5 0  
3 u  
1.5 u 
15 U 
15 U 
15 u 
15 U 
15 u 
30 U 
30 U 
15 U 
5 U  
1.5 U 
3 u  
3 u  
J U  
3 u  
1.5 u 
1.5 U 
15 U 
30 U 
1.5 U 
1.7 U 

1.5  U 
1.5 U 

IIAXUUIT 

WIG 
U G K G  
UWKG 
UG/KG 
UWKG 
UWKG 
lJG/KG 

UG/KG 
UG/KG 

UWKG 
UG/W 

U W G  
UWKG 
UWKE 
W K G  
UWKC 
UG/KG 

UWKG 
UWKG 
UC/tG 
UG/KC 
UGIKG 
UWKG 
UG/LG 
W K G  
W K C  

Tots 1 
Average 

1.50 
1.50 
1.50 
0.75 
7.50 
7.50 
7.50 
7.50 
7.50 

15 .OO 
15.00 
7.50 
1 .so 
0.n 
1 .!io 
1.50 
1.50 
I .50 
0.75 
0.75 
'1.50 

15.00 
0.75 
0.05 
0 .E 
0.75 



SEDlMUT TOTAL PAD SUMMARY ALL WITS PCX/KG 

Total Total Wsx i aun Awrrge 
AWLYTE fmpleo CRQL HIt8 CRDL 

AMERlCIW-241 
GROBS ALPHA PARTICLE RAOIOAC 
GROSS BETA PARTICLE RADIOACT 

7RITlW 
UfUNlLM, TOTAL 
URAUIU-233, -234 
U W  1 U.238 

PLUTOWIUI-239 

0 
1 
1 
0 
0 
1 
1 
1 

5 
IECCS=.ES 

20 
4000 

10000 
30 

400600 
D 

300 
300 

rlit 

2boao 
22000 

1 .S? 
760 
630 

MXHUNI T nit 

PC [ / K G  2MI00.00 
PCI/KG 22Da0.00 

1.39 
PCI/KG 760.00 
PCI/KG 630.00 

HAXIMIR 

10 
26000 
22000 
0 
120 
1.39 
760 
630 

W W l T  

PCI/KE 
PCf/KC 
PC I/KG 

PC I /KC 
P W L  

PCI/KG 
P C I K G  

Tota l  
Average 

10.00 
26000.00 
22000 .oo 

0.00 
120.03 

1 .W 
760.00 
630 .OD 



1 
2 
3 
4 
5 
6 
7 
8 
9 

to 
11 
12 
13 
f 4  
15 
16 
1 7  
1 8  
19 
20 
21 
22 
23 

d7 
28 
2v 
30 
31 
32 
33 
16 
35 
w 

f,1,1-TRICHLORQTHAHE 
?,I, 2,2m7ETRACHLOROETHAWE 
1,1,2-TR 1 CHLORMTHANE 
1,l-DICHLQOETHANE 

~,2~DICHLQ?OETHANE 
1,24tCHLOROETHEKE 
1, Z - 0 1 CHtoROPROPANE 
2=BUTAWoWE 
2-CHCOROETHYl VINYL ETHER 
2- HLXAUOG 
~-~(ETHYL-Z.PENTMIOWL 
ACETONE 
OEWZEYE 
BROnoDICHLOROnETHANE 
BRWOFORM 
BROMOHETHAWE 
CARBON DISULFIDE 
CARBOU TETRACHtaRlDE 
CWLoROEENZENE 
C H LOLOE 1 HANE 
CHLOROFORM 
CHLOROMETHANE 
D18RWOCHLOROHElHANE 
ETHYLBENZENE 
RETHYLENE CHLORIDE 
STYRENE 
TETRACHLdRWTHENE 
TOLUENE 
TOTAL XYLENES 
?Rt CHLOROETHENE 
V?WYL ACETATE 
VIMYL CHLWJDE 
C is-1 , s - D  ICHLMOPROPENE 
t ~ ~ s - 1 , 2 - D I C H L O R O E T H E N E  
trans-l,3-DlCHLoROPROPENE 

1,l -DICHLORMTHEWE 

Totat Total 
S;urp\er CRPL Hits CRPL 

L a 5 
4 D 5. 
4 0 5 
4 0 5 
4 0 5 
4 0 5 
3 0 S 
4 0 5 
4 1 10 
1 0 0 
I 0 10 
4 0 19 
4 I 10 
4 0 5 
L 0 5 
4 0 5 
4 0 10 
I 0 5 
4 0 5 
4 0 5 
4 0 10 
4 1 5 
4 0 I O  
I 0 5 
4 0 5 
4 3 5 
4 0 5 
4 0 5 
L 0 5 
4 0 5 
1, 0 5 
4 a I O  
4 0 10 

' I  0 5 
1 0 5 
4 0 5 

===IS=. .t=312:C= 

137 9 

At1 UNITS UG/KG 

nrxfmn 
Hit W H U N I T  

18 S UG/KG 

. 
114 W K C  

5 J  UG/ KG 

. 
25 B UC/KG 

Average 
H1.t 

18.000 

12.750 

5 .OOO 

13.667 

9 u  
9 u  
9 u  
9 u  
9 u  
9 u  
9 u  
9 u  
18 U 
10 u 
18 U 
1 8  U 
114 
9 u  
9 u  
9 u  

9 u  
9 u  
9 u  
18 u 
9 0  
18 u 
9 u  
'9 u 
25 8 
9 u  
9 u  
9 u  
9 u  
9 u  
18 U 
18 U 
9 u  
5 u  
9 u  

la u 

UC/KG 
U G / U  
UWKG 
W/KG 
W K G  
UG/KG 
UG/KC 
UWKO 
W Y G  
W K G  
UG/KG 
MfkG 
UVKG 
U/KG 
UGf KG 
U / K G  
W K G  
UG/KG 
UWKG 

* W K G  
W K G  
UWYG 
UG/KG 
UG/KG 
UC/KG 
UG/KG 
UC/KG 
UC/KG 
W/WG 
UG/KG 

UG/KG 

UG/KG 
UG/KG 
UG/KG 
UG/KE 
UWKG 

Total 
Avoram 

3.500 
3,509 
J.500 
3.500 
5.500 
3.500 
3 .a3 
3.500 
9.875 
5.000 
6.875 
6.875 

42.t?iO 
3 .Sot 
3.500 
3.500 
6.875 
5.500 
3.500 
3.500 
6.1175 
3.n0 
6.875 
3.500 
3.500 

11 .a00 
3.500 
3.500 
3 ,  SO0 
3.500 
3.500 
6.875 
6.8?3 
3 .so0 
2.500 
3.500 



&S 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
1I 
t5 
16 

ANALYTE 

Z,L,S-TRICHLDnOPHENOL 
2,4,6-1R lCHLOROPHENDL 
2,C -DI CHLOROPHENOL 
2,L-DIKETHYLPHEWOL 
2,L-DIWITROPHENM 
2-CHLOROPHENOL 
2-METHYLPHENOL 
P*NIlRDPHENOL 
4,6*D I MI  IRO-Z-MTHY LPHENOL 
4-CHLORO-3-METHYLPHENOL 
4-IZETHYLPHEYOL 
4-NIIRWHENOL 
EEUZOfC ACID 
UENZYL ALCOrlOL 
PENTACHLOROF’ WENOL 
PHENOL 

Totat 
S n p l  cs 

4 
0 
4 
4 
4 
6 
L 
4 
4 
4 
4 
4 
6 
4 
4 
4 

64 
.IP.S=S 

SEDlMENT ACID EXTRACTABLE S W R Y  ALL UNITS U W K G  

Totel 
CRQL H i t s  

a 
0 
0 
0 
O 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
F,=C;s=sL.E 

CROL 

1600 
330 
330 
330 

1600 
330 
330 
330 

1600 
330 
330 

1600 
1600 
330 

1600 
330 

Average 
wwunzi Hit ” 

6400 u 
1500 u 
1300 U 

6400 u 
tsoo u 
1300 U 

6400 u 
1300 U 
1300 U 
6400 u 
6400 u 
1300 U 
64400 u 
1300 U 

1300 u 

1300 u 

WUWI T 

UG/KG 
UWKG 
W K O  
UC/KG 
W K G  
WKG 
UllKb 
&/KG 

W K G  
&/KG 
W K C  
UG/KG 
UG/KG 
UG/KC 
UG/Kt 
W KG 

Total 
Average 

2087.5 
u o . 0  
420.0 
420.0 

2087.5 
420.0 
420.0 
420.0 

2687.5 
420.0 
420.0 

2087.5 
2087.5 
429.0 

2087.5 
420.0 



SEDIMENT U S E  NEUTRAL EXTRACTABLE WnwnffY ALL UNITE W/KG 

OW 

1 
2 
5 
4 
5 
6 
7 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 

a 

a d 
26 
27 
28 
29 
50 
31 
32 
33 
34 
35 
36 
37 
38 
39 
Ill 
4t 
12 
43 
14 
45 
&6 
47 
48 

ANALYTE 

1,2,4- TR ICHLWCSEYZENE 
1,2-DICHLARDBENZENE 
1,S-D ICHLOROBENZEUE 
1,I-OICHCORWENZENE 
2,400 J NI TROTOLMNE 
2,b-0 I W I TROTDLUENE 

24ETUYUUPHTHALEWE 
2-Nt f R W  I L tNE 
3,S'-D ICHLoaOEENZID INE 
3-N J T R W  J L INE 
4-BROIIOPHENYL PHENYL ETHER 
4-  CHLOROAN I L IN€ 
4-CHLOROPHENYL PHENYL ETHER 
I-IITROAUILINE 
ACENAPHTHENE 
ACCMPHTHYLENE 
ANTHRACENE 
BENZO(I)ANTHRAiENE 
ENZO(a)PYRENE 

BENZO(b)FlUDRAWThENE 
EENtO(gh i IPERYLENE 
BEUZO(k)FLUORANTHENE 
RIP(2-CHLWOETnoXY)METHAHE 
BIS(Z-CHLf)ROETHYL )ETHER 
BIS(Z-CHLORO1 SOPR0PYL)ETHER 
8lS(2-ETHYLHEXVL>PHTHA~TE 
WYL BENZYL PHTHALATE 
CHRYSEUE 
DI-nWTYL PHlHALAlE 
DI-n-OCTYL PHTHALATE 
0 IBENZOC a, h) ARTHRACEWE 
DY BENZOFURAN 
DIETHYL PHTHALATE 
DlClETHYL PHTHALATE 
F LWRAWTHENE 
FLUORENE 
WEXACHLoROeENZENE 
HEXACHLDROBUTADI EUE 
HEXACHLORQCYCCOPENT~D f NE 
HEXACHLOROETHANE 
IDEN6(1,2,3-td)PY RENE 
1SOPHQOWE 
Y-NITRotO-01-n-WOPY~lUE  
Y*NITRUS~OIPWIWYLAnlPE 
NAPHTHALENE 
NITROBENZENE 
PWEWANT HREYE 
PYRENE 

2-CMLORQAPHTHALENE 

lot81 
smpte6 

I 
4 
4 
4 
4 
4 
4 
4 
4 
I 
c 
4 
4 
4 
4 
4 
4 
4 
I 
4 
4 
4 
I 
c 
4 
4 
4 
4 
4 
L 
4 
4 
4 
1 
4 
I 
4 
4 
4 
4 
I 
4 
I 
4 
I 
4 
4 
4 
4 

196 
ie==z:i 

Totat 
CRQL Hits 

a 
0 
0 
0 
0 
0 
0 
0 
4 
0 
0 
0 
0 
0 
0 
0 
0 
I 
0 
0 
0 
0 
0 
0 
0 
0 
3 
0 
0 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 

7 
s===i=.ss 

M a x i m  
CRPL Hit 

330 . 
330 . 
no . 
330 t 

330 . 
330 , 
330 . 
330 , 

1600 , 
6 6 0 .  

1600 . 
330 . 
550 . 
330 . 

1600 . 
330 . 
330 . 
330 80 J 
330 . 
330 . 
330 . 
330 , 
330 . 
330 . 
330 . 
330 , 
330 80 BJ 
330 . 
330 . 
330 . 
330 t 

no . 
330 , 
330 . 
330 * 
330 . 
330 
330 . 
330 . 
330 , 
no . 
330 . 
a 0  300 JB 
no . 
330 . 
330 . 
330 , 

338 3100 

330 . 

UAXHUUIT 

WKG 

UGJYG 

UG/KG 

UGIKC 

Average 
Wit 

80.00 
* 

158.33 

1660 .OO . 

500.00 

. 

WIW 

1300 U 
1300 u 
1300 U 
1300 U 
1300 U 
1300 U 
1300 U 
1300 U 
a00 u 
2660 u 
w40 u 
1500 u 
1300 U 
1300 U 
64w U 
1300 U 
1300 U 

1300 u 
1300 U 
9300 u 
1300 U 
1300 U 
1300 U 
1300 U 
1300 U 
1300 U 
1100 u 
1300 U 
4300 U 
3100 
4300 u 
1300 U 
13w u 
1300 U 
1300 U 
1300 u 
1300 u 
1300 U 
1300 u 
1500 U 
1300 U 
1300 u 
1300 U 
1300 u 
1300 U 
1300 U 
1300 U 
1300 U 
1300 u 

WAXUNIT 

UWKG 
UG/KG 
W/KO 
UWKG 
W K G  
UWKG 
UG/KC 
UG/K4 
UWKQ 
U W 8  
UWKG 
w o  
UWKG 
UG/KG 
W/KG 
UG/G 
UC/KG 
UWYG 

UG/KG 
UG/KG 
UWKG 
UWKG 
UGJKG 
UG/KC 
UG/YG 
UGf UG 
UG/KG 
rr;/WO 
UCIYG 
W K G  
M / K G  
UG/KG 

UG/KC 
W K G  
UWKC 
Ucm 
UWKG 
WKG 
UG/KG 
W K C  
UWKG 
UWKO 
UWKQ 
UGKG 
UGm 
W K G  
UGJKG 
UG/KG 

U W W .  

t0t51 
~vcrrge 

420.00 
420.00 
120 -00 
420.00 
420.00 
420.90 
420.00 
420.00 

2087.50 
57.50 

2087.50 
L20.00 
420.00 
420.00 

20U7.N 
420.00 
420.00 
3% .SO 
420.00 
120.00 
420.00 
420.00 
420.06 
620.00 
120.00 
120.00 
256.25 
120.00 
420.60 

1025.00 
420.00 
420.00 
420.00 
420 .# 
420.00 
h20.00 
420.00 
420 .OO 
420.00 
420.06 
420.00 
420 e 00 
420.00 
420.00 
447.50 
420.00 
420.00 
420 e 00 
420.00 



A S  AWALTTE 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
1s 
16 
17 
18 
'19 
20 
21 
22 

.i 26 

27 
28 

4,4' -DDD 
4,4'*DDE 
4,4'.DDT 
ALDRIU 
A R M  LOR- 1016 
AROCLoR-I221 
AROCLOR. 1252 
AROCLOR-12U 
AROCCOR-t 248 
AROCLOR- 1254 
AROCLOR- 1260 
CHLORDAUE 
DIELDR IU 
ENDOSULFAN I 
ENDOSULFAN 11 
ENDOSULFAN SULFATE 
CNDR I N 
EUDRtN KElOWE 
HEPTACHLOR 
HEPTACHLOR EPOXIDE 
METHOXYCHLOR 
TOXAPHENE 
rlpha.BHC 
~ ~ ~ S - C H L W D A N E  

beto-BHC 
d.\tm-DWf 
g m - 8 H C  (LlNDANE) 
g m -  CHLORDANE 

Total 
S u r p h S  

4 
4 
c 
4 
4 
4 
4 
4 
4 
4 
4 
1 
4 
4 
4 
4 
I 
4 
4 
4 
4 
4 
4 
3 
4 
L 

4 
3 

107 
===5=1= 

SEDIMENT PEtlICIDE/PCE SlRWARY ALL UNiTS UG/KG 

Total 
C R ~ L  nits 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
d 
0 

0 
========= 

CRPL 

16 
16 
16 
8 

80 
M 
80 
a0 
80 
bo 
80 
BO 
16 
8 

16 
?& 
16 
16 - 
8 
8 

80 
160 

8 
80 
8 
8 
8 

80 

Haxinun Average 
H i t  UXHUMI'I H i t  UAXInUn 

b l U  
64U  
64U  
32 U 
320 U 
320 U 
320 U 
320 U 
320 u 
640 u 
a 0  u 
1s u 
64U  
32 U 
b 4 U  
b l U  
6 4 U  
64u 
32 U 
32 U 
320 u 
640 u 
32 U 
320 U 
32 U 
32 u 
32 U 
320 U 

W U N l T  

W K o  
UGf KG 
U W K G  
UWKG 
W/KG 
W K G  
W;/KG 
W/KG 
UcIfWo 
UG/KC 
Ufi/KC 
UWKG 
UG/KG 
UWKG 
U W G  
UG/KC 
W K G  
UWKG 
UWKG 
U G / V  
U W G  
UG/KG 
UG/KE 
UWKG 
UWKG 
UWKG 
UWKE 
UOlKG 

Totn 1 
Avrrrgc 

18.750 
18.750 
16.750 
9.438 

94.3n 
94.375 
94.375 
94.375 
94.375 

187.500 
187,500 

7.500 
18.750 
9.438 

18.750 
18.750 
18.750 
18.750 

9.458 
94.375 

181.5 00 
Q , U 6  

123.333 
9.138 
9 .&38 

9.438 
123.333 

9.438 



SEDfWEWl TOTAL MEIAL SUMMARY ALL WITS U(I/KG 

WS ANALYTE 

t ALUUINM 
2 AUTIMOUY 
3 ARsEYlC 
4 URIW 
5 BERYLLIUM 
6 wrun 
7 CALC!uN 
8 CESIUM 
9 CHROHIM 

10 COBALT 
11 COPPER 
12 IRON 
13 LEAD 
14 LITHIUM 
15 MAGNESIUM 
16 WGANESE 
17 MERCURY 

18 YOLYEDEHUM 
19 NICKEL 
20 POTASSIUH 
21 SELENIUM 
22 SILVER 

_. THALLlUM 
26 TIN 
27 VAYAOlW 
2a XINC 

T o t e l  
sunples 

I 
4 
4 
4 
4 
6 
4 
4 
I 
4 
4 
4 
4 
3 
4 
4 
4 
4 
I 
4 
I 
4 
4 
4 
4 
3 
4 
4 

e====== 

110 

Totol  
CRQL Hits 

D 
0 
0 
Q 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

1 
=S==%:K=S 

CRPC 

40000 
12000 
2000 

loo00 
lQQ0 
loo0 

2000000 
200000 

2000 
loo00 
5000 

20000 
lob0 

20000 
2000000 

3000 
200 

40000 
MOO 

3000000 
1000 
2000 

2000000 
40000 

2000 
LOO00 
lOQOO 
l O Q 0  

Ilaximwn 
Hit 

21300 

I 

hverage 
MXHUNIT Hit 

WG/KG 2f300 . 

* 

WIW 

18700 
10 BN 
6 
165 
1.1 
1.7 B 
9060 
168 u 
19 
12.7 6 
24.6 
21300 
25.9 
13.7 
'3900 
130 
0.23 
10 u 
20.2 
66610 
0.n 6 
1.3 B 
249 
78 
12 
15.7 8 
45.6 
101 E 

MAKUNIT 

W K G  
ffif KG 
W/UG 
W K G  
MC/KG 
NUKE 
WVKG 
MWKG 
W K G  
MWKE 
W K G  
WG/LG 

HG/KG 
W K G  
UWKG 
UWKG 
MC/KG 
RG/KG 
W K G  
W K G  
MG/KG 
M U K G  
UG/KG 
W K G  
WCIKG 
MG/KG 
Wf KG 
NG/KG 

Total 
Averrse 

169MI.00 
3.55 
4.50 

153.00 
0.95 
0.88 

6897.50 
41.05 
16.60 
10.55 
21.00 

19000.00 

12.33 
3670.00 
421 .OD 

0.12 
4.58 

17.85 
3422.50 

0.36 
0.67 

66.28 
3-34 

1d.f0 
44.15 
90.07 

1a.m 

19a.5 



ANALYTE 

WCRICIUH-2Ll 
GROSS ALPHA PARTICLE RADIOAC 
GROSS BETA PARTICLE LABlOACT 
PLUTWI w-239 
TRI t IUM 
URANIUM, TOTAL 

URANIW-233. -231 
URAN i W-238 

SEDIHENT TOTAL RAD SUHCURY ALL WITS PCI/LG 

Total  Total  
SMlples CROL H f t 6  CRPL 

20 
4000 

10000 
30 

tOGOOO 
0 

sa0 
300 

Wsxim~m 
Hit 

90 
19000 
moo 
130 

1.31 
140 
570 

. 

PC I /KG 90.09 PO 
PCI/KG 19000.00 19000 
pCI/KG 22MC1.00 22000 
PCI/KC 130.00 130 

320 

PCl/KG 740.00 740 
PCI/ffi 570.00 570 

1631 1.31 

MXUN IT 

P C V K G  
PCIIKG 
PCllKG 
PCI/KG 
PCI/L 

PCI/KO 
PCI/KG 

Total 
Average 

90.00 
19000.00 
22000.00 

130.00 
320.00 

1.31 
740 .OO 
370.00 



SEDIMENT VOA W Y  All WITS U O K G  

OBS 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 

ii LS 
26 
27 
28 
29 
30 
31 
32 
33 
34 
3s 
36 

MALYTE 

1,1,1-TRICHLOROETHANiE 
1 , 1  ,Z,t*TETRACHLdRDETHAWC 
1,1,2-TkICHLOROPTHANE 
1,l -D ICHLOROETKAUI? 
1,l-DlCHLORMTHEWE 
1,Z-Dl CHLOROET HAHE 
1,Z.DICHLOROETHENE 
1 ,Z-DICHLORDPROPANE 
2-BUTANONE ' 

2-CHLOROETHYL VINYL ETHER 
2-HEXAXONE 
4-klETHuL.2-2ENTANONE 
ACETONE 
8ENZENE 
BROMOO ICHLORWETHANC 

BROMOFORM 
8ROHOMETHANE 
CARBON DISULFIDE 
CARBON TETRACHLWIDE 
CHLOROBENZENE 
CHLORbETHANE 

CHLOROFORM 
CHLOROHETXANE 
DIBROCIOCH.OR0METHANE 
ETHYLBENZENE 
METHYLENE CHLORIDE 
STYRENE 
TETRACHLOROETHEHE 
TOLUENE 
TOTAL XYLENES 

TRICHLOROETHEE(E 
VlNYL ACETATE 
VlNYL CHLORIDE 
cfs- 1,3*CICHLOROPROPENE 
trans-1,Z-D tCHCORCEfHENE 
trans-l,3-DI CHLOROPROPEUE 

Total 
SamFlOS 

2 
2 
2 
2 
2 
2 
1 
2 
2 
1 
2 
2 
2 
2 
2 
z 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

. 2  
2 
1 
2 

69 

LIaEF== 

ToteL 
CRPL Hits 

0 
0 
0 
0 
0 
0 
0 
0 
Q 
0 
0 
0 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

4 
PS6Q=*C5 

cRai 

5 
5 
5 
5 
5 
5 
5 
5 

t0 
0 

10 
IO 
l a  

5 
5 
5 

10 
5 
5 
5 

10 
5 

10 
5 
5 
5 
5 
5 
5 
5 
5 
10 
10 
5 
5 
5 

hximm 
nrt 

. 

. 
140 

6 BJ 

. 

Avsreac! 
IIAXHUN I T  Hit 

I 

UG/KG 77.5 

I 

UGlKG 3.5 

MAX I W M  

7 0  
7 U  
T U  
7 u  
7 u  
T U  
7 U  
7 u  
13 u 
10 u 
13 U 

13 U 
I LO 
7 u  
7 U  
7 u  
13 U 
7 u  
TU 
T U  
13 U 
7 u  
13 U 
T U  
t u  
6 BJ 
7 U  
7 U  
7 U  
? U  
7 U  
13 u 
13 u 
7 u  
5 u  
7 u  

NAXUW IT 

UWKG 
UG/KG 
UWKG 
UG/KG 
UG/KG 
UGIKG 
UG/KO 
UG/KQ 
UO/KG 
UC/KO 
UG/KG 
UWKG 
UWKG 
UGIKG 
UGIKG 
UCIKG 
UGJKG 
UE/KO 
UG/KG 

' UG/KO 

UGr KP 
W K C  
W/KG 
UG/KG 
W K G  
UGKG  
UWKG 
UWKG 
UWKC 
UWKG 
UG/KG 
UGIKG 

W K G  
UC/KG 
UCIKG 
W K G  

Tat81 
Averas* 

3-00 
3.00 
3.q0 
3.00 
3.00 
5 .OD 
5.50 
3.00 
s .75 
5.00 
5.75 
5.75 
TI, 50 

3.00 
3.00 
3.00 
5.75 
3.00 
3.00 
3.q0 

5.75 
3.00 
5.75 
3.00 
3.00 
5 .so 
3.00 
3.09 
3 .OO 
3.00 
3.00 
5 .?s 
5.75 
3.00 
2.50 
t .00  



08s 

t 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
I2 
15 
11 
15 
16 
t7 
18 
19 
20 
21 

ii 3 

26 
27 

29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
90 
41 
b2 
43 
11 
45 
46 
Lf 
48 

2a 

AMALYTE 

1,2,4- TR ZCHLOROBENZENI! 
1,2-DICWLOROBELIZENE 
1 ,f-DS CHLOROBENZENE 
1,4+ 1 CHLORWEWZEWE 
2,4-DZNi lROTOlUElJE 
2,6-DIMI TROTOLUENE 
2-CHLORONAPHTHALERE 
2-UET WLWAPKTHALEKE 
2-NI TRObNILI NE 
3 (3’ -01 CHLOR08ENZ IDS NE 
3-NITROANI L1 NE 
I-BROUWHENYL PHENYL ETHER 
4-CHLORWNIL 1 NE 
4-CHLOROPHENYL PHENYL ETHER 
4-WITROANILlNt 
ACENAPHTHEHE 
ACEWAPHTHYLENE 
ANTHRACENE 
BENZWa MiUHRACEIIE 
6ENtOCa)PYREIIE 
BEWZO(b)FLUORANlHENE 
BENZO( ghi VERYLENE 
BENZOC k)FLUMLANlHENE 
EI SO- CHLJROET HOXY )NEIHANE 
EIS(2.CHLORMlWYL)ETHER 
SI S(2- c hLORO ISOPROPY L)ET HER 
Blbf2-ETHYLHEXYL)PHlHAL~TE 
BUTYL BENZYL PHTHALATE 
CHRYSENE 
DI-n-BUTYL PHTHALATE 
DI*n-OCTYL PHTHALATE 
DZIENZO( a, h)ANTHRACENE 
DlBENZOrURAN 
DIETHYL PHTHALATE 
0 1 ME1 dYL PHT HALA’IE 
PLUDRANT WENE 
FLUORENE 
UEXACHLDROEiN2ENE 
HEXACHLORtBVADI EKE 
IEXACHLORDCY Cl WENTAD 1 E NE 
UEXACHLUROETHANE 
INDENUl ,Z,J-cd)PYRENE 
TSOPHORONE 
YmWI’IROSO~DI -n-PRWYLMl HE 
U-WITROSM IPHENYLAMINE 
NAPHTHALENE 
NITROBENZENE 
PHENANTHRENE 
PYREWE 

ratel 
SSlltPtQS 

3 
3 
3 
3 
3 
5 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
5 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

.=Z=X%: 

SEDIMENT BA$E NEUTRAL EXTRACTABLE SLWARY ALL UNITS UG/KG 

Tatel 
CRPL H f t S  

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
3 
0 
1 
2 
0 
0 
0 
0 
U 
2 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
1 
2 

OIx=aS==. 

147 12 

M a x i m  
CRQL Hit 

330 . 
330 . 
330 . 
330 . 
330 . 
530 . 
330 . 

1699 
660 

1600 . 
330 . 
330 
330 . 

1600 , 
330 
330 . 
330 . 
339 , 
330 . 
330 . 
330 
330 . 
330 
330 . 
330 . 
330 590 B J  
330 . 
330 200 J 

330 190 J 
330 . 
330 , 
330 . 
330 
330 . 
330 MO J 
330 . 
330 . 
330 . 
330 . 
330 , 
330 . 
330 . 
530 , 
350 2000 0 
330 . 
330 . 
330 310 J 
330 280 J 

330 

Averwe 
IVu(WUN1T Hit 

UG/KG 323.33 

UG/KG 200.00 
W K G  125.00 

UG/KG 220.00 

U G I Y h  2000.00 

UWKG 16D.00 
UG/KG 195.00 

nAX1 nun 

960 U 
960 U 
960 U 
960 U 
960 U 
960 U 
960 U 
960 U 
4600 u 
1900 U 
4600 U 
960 U 
960 U 

960 U 
4600 U 
960 U 
960 U 
960 u 
960 u 
960 u 
960 U 
960 U 
960 U 
960 u 
960 u 
960 U 
590 BJ 
940 U 
960 U 
650 U 

960 U 
960 U 
960 U 
960 U 
960 U 
300 J 

960 U 
960 U 
960 U 
960 U 
960 U 
960 U 
960 U 
960 U 
2000 B 
W O  u 
960 u 
%O u 
280 J 

HAXUNIT 

U W K G  
UG/KG 
UC/KG 
UG/KG 
UG/KG 
UGfKG 
UG/KG 
UG/LG 

&/KG 
UWKE 
UCfKO 
UWKO 
UG/KO 
UG/ KC 
U W G  
UG/KG 
UG/I(G 
UG/KG 
U G K G  
UGKG  
UWKG 
UC/KG 
W K G  
UCIKO 
UWKG 
UGfYG 
UWKG 
UC/KG 
UWKG 
U G / K G  
UG/KG 
UG/KG 
UWKG 
UG/KC 
UG/ KG 
UCf KG 
W K C  
W K G  
W/KG 
W K G  
UWKG 
UCf Kf i  
UG/KG 
UWKG 
UWKC 
UG/KG 
U W G  
UC/KC 
UG/KG 

T O t b l  

Aver B ae 

336.67 
336.67 
336.67 
336.67 
336.67 
336.67 
334.67 
JS6.67 

161 6.67 
670.00 

1616.67 
336.67 
356.67 
336.67 

’1616.67 
336.67 
U6.67 
1S6.67 
3S6.67 
336.67 
336.67 
336.67 
336.67 
536.67 
336.67 
334.67 
323 133 
336.67 
261.67 
225.66 
336.67 
336.67 
336.67 
336.67 

181.67 

336.67 
S56.67 
336.67 
336.67 
336.67 
336.67 
3f6 a67 
968.33 
336.67 
356.67 
241 A? 
165.00 

m . 6 r  

336.61 



SEDIMENT ACID EXTRACTABLE S U M R Y  ALL UNIT6 UG/KG 

060 

1 
2 
3 
4 
5 
6 
7 
8 
9 

I O  
11 
12 
13 
14 
15 
16 

ANALYTE 

2,4,5-TRICHLOROPHEUOL 
2,4,6-TRICHLOROPHEUOL 
2,4-DICHLOROPHEh'OL 
2,4.Dl NET HI LPHEKOL 
2,C-DI WITROPHEWOL 
2-CHLOROPHENOL 
2-METHY LPHENOL 
2- N1 TRGf' ENOL 
4,bD I N 1 TRO- 2- MET HY LPHEWOL 
1-CHLORO-3-NETHY LPHENOL 
4-METHYLPHENOL 
4-NITROPHENOL 
BENZOIC ACID 
SENZVL ALCOHOL 
PENTACHLOROPHENOL 
PHENOL 

Tot at  Tots1 naxilwn 
sanples caQL Hits CRPL Hit 

3 
3 
3 
3 
3 
J 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

48 
===*::a 

I600 
330 
sso 
350 

lb00 
330 
330 
330 

1600 
330 
336 

1630 
1600 

I600 
330 

336 

Average 
WWUUIT H i t  

. 

4600 U 
960 U 
960 U 
960 U 

4600 u 
Ob0 U 
960 U 
960 u 
4600 U 
WO u 
WO u 
4600 u 
4600 U 
963 u 
4600 U 
960 U 

W N I T  

UG/Ka 
UG/KG 
UD/KG 
UGlKG 
UG/KC 
W K G  
F / K G  
UGtKC 
UG/KG 
UC/KG 
UWKG 
UWIC 
UWKQ 
UG/KO 
UCi/KG 

UG/kC 

Total 
Average 

1616.67 
336.67 
336.67 
3%. 67 

1616.67 
336.67 

336.67 
1616.67 
336.67 
536.67 

161 6.67 
t 61 6.67 
336.67 

J36.67 

356.67 

1616.67 



08s 

1 
' 2  

3 
1 
5 
6 
7 
8 
9 

to 
11 
12 
13 
11 
15 
16 
17 
18 
19 
26 
21 
22 

26 
27 
28 

WALYTE 

4,4'-Wb 
L,C'-DDE 
4,4 '-VDT 
ALVRlN 
AROCLOR - 1 0 1 6 
AROCLDR- 1221 
AROCLOR-1232 
AUOCLOR - 12:2 
AROfLDR-lZL8 
AROCLOR- 1254 
MoCLOR-1250 
CHLORDANE 
0 I E LDRI W 
ENDOSULFAN 1 
ENDUSULFAW I 1  

ENDOSULFAN SULFATE 
ENDRIN 
ENDRIN KETONE 
HEPTACHLOR 
HEPTACHLOR EPOXIDE 
METHOXYCHLOR 
1OXAPHENE 
a I @a - BHC 
rlphr- CHLORDANE 
bat8-BHC 
de It e-BHC 
(yanma*SHC (LINCAHE) 
~~IITM-CHLORDANE 

f O t 6 l  

sampter 

3 
3 
3 
3 
3 
3 
3 
I 
3 
3 
5 
1 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
2 
3 
3 
3 
2 

BO 
-____ -----=. 

SEDIMENT PESTIClDE/PCO W Y  ALL UNITS W/KG 

Totel 
CRQL Hits 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 

a 

e i n 8 ~ u = m  

CRQL 

16 
16 
16 
8 

80 
80 
80 
80 
80 
80 
BO 
BO 
16 
8 

16 
16 
16 
16 
8 
8 

80 
160 

8 
80 
8 
8 
8 

80 

Maxim Avereee 
Hit " U N I T  ni t  

. 

W I N U H  

4 6 U  
46 U 
L& u 
23 u 
2sDU 
230 u 
230 u 
no u 
230 u 
160 U 
460 u 
15 u 
46U 
23 t~ 
16 U 
46 U 
46 U 
L6 U 
23 U 
23 u 
230 U 
460 U 
23 U 
230 u 
23 u 
23U 
23 U 

230 u 

WIJNIT 

UG/KG 
UWKG 
UGf K5 
UG/ff i  
UG/KC 
UWKG 
UG/KG 
UGIKG 
UG/KG 
UGIKG 
UWKG 
UC/KG 
UVKG 
&/KG 
UWKG 
UG/KC 
UG/KG 
&/KG 
U C K G  
UG/KE 
UGIKC 
UG/KG 
UWKC 
UWYO 

UWKG 
UG/r(G 
UG/KG 
UG/IIG 

Total 
Average 

15.167 
15.167 
15.167 
7.585 

75.833 
75.833 
75.833 
75.833 
75.m 

151.667 
151.667 

?.500 
15.167 
7.583 

15.167 
15.167 
15.167 
15.167 
1.383 
7.583 

75 A 3 3  
151.667 

7.503 
110.000 

7.583 
7.563 

110.0oa 
7,583 



08s 

1 
2 
3 
I 
5 
6 
7 
8 
9 

10 
I 1  
12 
13 
14 
15 
16 
I? 

19 
20 
21 
22 

i a  

ANALYTE 

ALUM1 NUN 

ANTIMONY 
ARSENIC 
BARIUM 
BERYLL IUH 

CADUlUH 
CALCIW 
CECIL44 
CHROnlM 
COBALT 
COPPER 
IROY 
LEAD 
LI 1 HXUH 
MAEWESI UM 
MANGANESE 
WERCL'RY 
HOLYBDEUUM 
NICKEL 
POTASSlUN 
SELENIUM 
SILVER 
SCOIUH 
ST RON1 I UH 
TlALL IUH 
TIN 
VANAD I UM 
ZINC 

Total 
Sanp I es 

3 
5 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
a 
3 
3 
4 
3 
3 
3 
3 
3 
3 
3 
3 
2 
3 
3 

tl:SS.. 

a3 

Total 
CUP1 Hite 

0 
0 
0 
0 
0 
0 
O 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
==wS!S8== 

SEDIMENT TOTAL HETAL W R Y  ALL UNITE UG/KG 

CRPL 

LOO00 
1ZOOO 
2000 
40000 

1000 
1000 

2000000 
2000DO 

2000 
m o o  
5000 

20600 
1 ma 

20000 
2000000 

SbOO 
203 

l O O 0 D  
8000 

ZOOOOOO 
1000 
2000 

2000000 

2000 
40000 
10000 

4000 

40040 

M a x i m  Average 
H i t  W W N l T  lilt MAXIMUM 

7850 
5.9 89 
5.1 
83.6 
0.48 8 
0.97 B 
12900 E 
83.1 B 
11.8 
7.4 B 
15.6 * 
11600 
16.2 
6.9 B 
2060 
669 
0.27 
7.9 u 
11.1 
1210 
0.27 6 
0.8 8 
228 8 
40 B 
13 
10.7 B 
24.2 
98.3 E* 

WAXUN 1 T 

W K G  
MWKG 
W/KG 

MG/ KC 
nP/KG 
W/KG 
M W K G  
H W K G  
HC/KG 
HG/KQ 
HC/KG 
MG/CG 
WWKG 
UWKG 

WC/KG 
MG/CG 
H G f  KG 

MG/YG 
WG/KC 
IIC/KG 
HG/KG 
MGKO 
WG/KG 
W K G  
WG/KG 
HG/KG 
HG/KG 
#G/KC 

Total  
Averrgr 

5490.00 
2.70 
3.33 

63.23 
0.35 
0.b4 

8523.33 
32.35 
7.f7 
6.00 

10.77 
9726.67 

11.18 
5 .so 

1564.33 

0.13 
3.18 
7.70 

1108.33 
0.19 
0.49 

194.00 
30.57 

4.55 
8.55 

18.87 
74.23 

539.33 



SEDIWEWT TOTAL RAO SUMMARY ALL UNITS PCI/KC 

OBS MALYTE 

1 
2 
3 
4 
5 
4 
7 
8 
9 

I O  
11 
12 
13 
11 
15 
f6 
17 

AMER IC[UN- 24 I 
CESIUn- 137 
CROSS ALPHA - DlSSOLVED 
OROSS ALPHA PARTICLE RADIOAC 
CRDSS BETA - 01 SSOLVED 
GROSS BETA PARTICLE RADIOACT 

PLUTOU I W-239 
PLUTOWlUH-239/240 
RADlUH-226 
RLD I W- 228 
6TRONTIUn-8?, 90 
TRSTIUH 
UWIUM, TOTAL 
URIWlUn-233, -234 
URAUIUH-235 
UfiANIUM-238 

P L U T W I U M - ~ ~ ~  

Total rota wexinun Avcrrge 
Sarplcs CRPL H i t 6  CROL H i t  W H U U I T  Hit M X I W  W U N I T  

3 
2 
2 
1 
2 
1 
1 
1 
2 
2 
2 
2 
2 
1 
3 
2 
3 

32 
I+=L=PS s 

3 
i! 
2 
1 
2 
1 
1 
1 
2 
2 
2 
2 
1 

3 
2 
3 

31 
ll=X*C.=D 

20 

COO0 
4000 

10000 
10000 

0 
50 
30 

500 
500 

1000 
LOO000 

0 
300 

300 

toa 

3130 

255 
137.7 
15870 
15000 
26700 
24000 
3.882 J 
90 
951.2 
1010 
1995 
173.7 J 
261.4 J 
1.76 
1355 
96.33 J 
1524 

PCI/KG 
PCI/KC 
PCI/KG 
PCI/KG 
PCl/KG 
PCS/KG 
PCI/KG 
PCl/KG 
PCI/KC 
PC I /KG 
PCifKO 
PCl/KG 
PC I /L 

PCIfKG 
PCIfKG 
PCIIKG 

206.70 

10035.00 
15000.00 
24865 +DO 
24900.00 

3 . a  
90 .oo 

577.25 
752.30 

1542.50 
155.10 
261.40 

1.76 
1023.87 

85.26 
1069.87 

'18.42 
255 
137.7 
15870 
15000 
26700 
24000 

90 
951 .Z 
1010 
1% 
173.7 J 
261.4 J 

1.76 
1355 
98.33 J 
1524 

s.1182 J 

PCIIKG 
PCIjKG 
PCI/KO 
PCI/KG 
PCIIKO 
PCl/KC 
PCI/KG 
PCX/KO 
PCI/KG 
PCf/KC 
PCllWG 
PCIIKG 
PC I /L 

PCl/Kt 
PCI/YG 
PCI/KG 

T o t a l  
Aver rue 

206 I 70 
n.42 

10035.00 
15000.00 
2 4 8 6 , O O  
24000* 00 

3.88 
90.00 

577.25 
752.30 

1542.f0 
155.10 
185.70 

1.76 
103.87 

85.26 
1089.87 



AS M L Y T E  

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
94 
1s 
16 
17 
18 
19 
20 
21 
22 

i 
27 
a 
29 
SO 
31 
32 
33 
34 
35 

1,1,1-TRICHLOROETHANE 
1,1,2,2-TETIUCWLoRoETH~f 
1,t ,2-TRlCHLORD€THAWt 
1, t-DICWLDRDETHANE 

1,Z-DI CHLORMTHANE 
1,2-D!CHLMWROPANE 
2UJtAYWE 
2-CHLORCfTHYL VINYL ETHER 
2.HEXAMONE 
6.METHY L-2-PEWTAWOHE 
ACETMIE 
BENZENE 
BROWBDICHLORDHETHANE 
BROMOFORM 
BROMWETHAWE 
r n 0 W  DISULF IOE 
UREoN TETRACHLOR ID€ 
CHLOROBENZENE 
CHLOROETHANE 
CHLOROFORM 
CHLORWETtt AtfE 
DIBROCIOLHHLORWETHAUE 
ETHYLBENZENE 
#ETHYLENE CHLORIDE 
STYRENE 
TETRACHLORDETHEHE 
TQLUENE 
TOTAL XYLENES 
TRICHLOROETHENE 
VINYL ACETATE 

VINYL CHLORIDE 
CiS-l,3-DICHLORoFRDPEWE 
trans- 1,2-DICHLOROE’HENE 
tr&ns-l,3-DICHLORDPROPEHE 

1, I-Df CHLOROETHENE 

totel 
temptap 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
i 
1 
1 
1 
1 
1 
9 
1 
1 

35 
i.RkIP== 

SEDIMENT WA W R Y  

Tot8 1 
CRoL Hits CRPL 

0 5 
0 9 
0 5 
0 5 
0 5 
0 5 
0 5 
0 10 
0 0 
0 10 
0 10 
1 10 
0 5 
0 5 
0 5 

0 5 
0 5 
0 5 
0 10 
II 5 
0 10 
0 5 
0 5 
1 5 
0 5 
0 5 
9 5 
0 5 
1 5 
0 10 
0 10 
0 5 
0 5 
0 5 

4 

0 io 

..tD==t=F 

. 

55 B UG/KG 

31 UG/KG 

1 BJ UG/KG 

1 J  UG/KG 
9 

* 

* 

55 

S U  
5 u  
s u  
S U  
5 u  
? U  
5 0  
11 u 
11 u 
11 u 
11 u 
55 B 
s u  
5 u  
5 u  
11 u 
5 u  
5u  
5 5 1  
11 u 
5 u  
11 u 
5 u  
s u  
31 
5 u  
5 u  
1 B J  
5 U  
1 J  
11 u 
’I7 u 
5 u  
5 u  
5 u  

Totel 
W i ’ I  Averesc 

UG/KG 2.5 
UG/KG 2.5 
UWKC 2.5 
UWKG 2.5 
W X G  2.5 
UWKG 2.5 
UG/KG 2.5 
W/KG 5.5 
%/KG 5.5 
=/a 5.5 
WlKG 5.5 
%/KG 55.0 
W K G  2.5 
UWKG 2.5 
UWKG 2.5 
W K G  5.5 
UGjKG 2 .s 
UG/KG 2.5 
UC/KG 2.5 

’ UWKG 5.5 
UO/KC 2.5 
UWKG 5.5 
VG/KG 2.5 
UG/KG 2.5 
UG/KG 31 ,o 
UG/KG 2 .s 
UG/KG 2.5 
UG/KG 1 .o 
UVKG 2.5 
UWKE 1 .o 
UG/YE 5.s 
U W G  5.5 
UWCG 2.5 
UG/KG 2.5 
UGIKG 2.5 

-. _.---. . ~ . ....._ 



SEDIRENT ACID EXTRACTABLE SUBlARY ALL UHITS UG/ZG 

00s 

1 
2 
J 
4 
5 
4 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

AWALYTE 

2,4,5-TRI CHLDROPHENOL 
2,4,  b-TRI CHLOROPHENOL 
2,1-DICHLORWHENOL 
2,1-Dl#ETHYLPHENOL 
2,4-DI YITRbPHENCL 
~-CHLO~~OPHENDL 
2-WHY LPNENOL 
2-WITROPHEUOL 
4.6-0IWtTR0-2-METHYLPnfNQL 
4-CHLMIO-3.WETHYLPHEIOi 
4=WETHYLPHENOL 
4-NITROPHENOL 
UEYZOIC AClD 
BEUZYL ALCOHOL 
PENTACHLOROPHENOL 
PHENOL 

Total 
Samples 

1 
1 
t 
1 
I 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

16 
sz===*= 

Totet 
CROL Hits 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 

0 

a 

s=a=a===z 

cacti 

1600 
330 
330 
330 

W O  
330 
530 
530 

1600 
330 
330 

1600 
1600 
330 

1600 
JSO 

Haxinun 
H i t  

* 

. 

uxanun 

ZOO0 u 
400 U 
400 u 
400 U 
LOO0 u 
400 u 
coo u 
400 u 
ZOO0 u 
LOO u 
600 U 
2000 u 
2000 u 
400 U 
2000 u 
100 u 

M4XUNIT 

W/KG 
U U K G  
U W K G  
UWKG 
UYKO 
W K C  
UGlKG 
W K G  
UWKG 
W U G  
UG/KG 
UWKG 
W U G  
W/KG 
UU/K(I 
W/KG 

lotel 
Avarage 

1 000 
200 
zoo 
200 

1000 
200 
200 
ZOO 

1e00 
ZOO 
209 

1000 
1000 
200 

t000 
200 



ut  icwPEDO10 

AS 

1 
2 
5 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
It 
18 
19 
20 
21 
22 

Q 
-6 
27 
2% 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
41 
45 
46 
47 
46 
49 

ANALYTE 

1,2,4-TRICHLORO6ENZENE 
1,2-01 CHLOROBEW ZENE 
1,3-DI CHLOROBENZENE 
1,L-DICHLOROBEUZENE 
2,4-D I H ITROTOLUENE 
2,6-DINlTROTMUENE 
2-CHLOUCUAPHTHALENE 
2-MEfHYLNM"THALENE 
2- I ITROANI L t NE 
3,3'-bICHLOROBENZIDINE 
3-NITROAN I1 [HE 
a*~wOPHENYL PHENYL ETHER 
1-CHLOROANt LI NE 
4.CHLORWHEMYL PHENYL ETHER 
1-NITROANI LINE 
ACENAPHTHENE 
ACEWAPHTHYLEHE 
ANTHRACENE 
BEWfO(a)AHTRRbCEWE 
B E N W  a )PYREUE 
DENZO(b)FtUORAHTHENE 
BENZO(ghi )PERYLE4E 
BEW20( k) FLWRAUTHENE 
Dl S( Z.CHLDROETHOXY WETHANE 
BlS(2-CHLOROErHYL)ETHER 
B1S(2-CHLOROISDPROPYL IETHER 
BlS(Z-ETWYLHEXYL)PHTHALATE 
BUTYL BENZYL PHTHALATE 
CHRY SENE 
01-n-BUTYL PHTHALATE 
oI-n-ocm PHTHALATE 
DIBENZD(r, h)ANTHRACiWE 
D I BENZOFURAN 
DIETHYL PHTHALATE 
DIMETHYL PHTHALATE 
FLWRAWTHENE 
fLUOLlENE 
HEXACHLOROBENtElE 
IIEXACHLOROEUTA!J ! ENE 
MEXACHLOROCYCLOPENTAD 1 EWE 
HEXACHLMOET W E  
tDENO( 1 ,Z,~-C~)PYRENE 
I WHWIONE 
N-NITROSO-D J -n-PROPYUWI NE 
N-YITROSODIPHENYLAMI NE 
NAPHTHALENE 
NITROaENZEME 
PHENANTHRENE 
PYREME 

Total  
Smnples 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
I 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
'I 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
? 
1 
1 
1 
1 
1 
1 

49 
==llliCI. 

SEDlMElt BASE UEUTRAL EXTRACTABLE S W R Y  ALL UNJTS W K G  

Tot8 1 
CRPL Hits 

0 
6 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
I 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 

2 

a 

8 k l r l i r l i  

llsximm 
ERQL Hit 

330 . 
3% . 
330 . 
330 
330 . 
330 . 
330 . 
330 . 

1600 . 
6 6 0 .  

l a 0  . 
330 . 
330 . 

1600 . 
330 . 
330 
330 , 
350 , 
330 . 
330 . 
330 . 
336 , 
330 . 
330 , 
J30 . 
330 , 
330 . 
330 . 
530 240 J B  
330 . 
330 . 
330 . 
330 . 
330 . 
330 . 
330 . 
330 
33a . 
330 
33D . 
330 . 
330 . 
330 . 
BO 440 B 
330 . 
330 . 
330 
330 . 

330 , 

. 

I 

Ut/CG ' 240 

W K G  440 

MXl mui 

400 u 
400 u 
400 u 
400 u 
401) u 
400 U 
490 u 
400 U 
2000 u 
a00 u 
2000 u 
400 u 

400 u 
2000 u 
400 U 
400 U 
400 U 

400 U 
400 U 
400 U 
400 U 
400 U 

400 u 
400 U 
400 U 
400 U 

400 U 
240 J B  
400 U 
100 u 
100 U 
400 U 
i o 0  u 
400 u 
400 U 
400 U 
bC0 U 
400 U 
LOO u 
4w u 
4w u 
400 u 

400 u 
400 U 
4ofJ u 
400 U 

coo u 

koa u 

460 a 

W Y I  I 

WKO 
Ut/KG 
Ut/a 
U G / ~ G  
UG/KG 
UG/Kt 
UWKO 
uo/Ko 
UG/KC 
U G m  
UG/KC 
W K C  
UG/KG 
UWKG 
UG/YG 
U W K G  
UG/KG 
UG/KG 
U V K G  
UGfKG 
UG/YG 
U/KE 
UG/KG 
UClKG 
W K C  
UG/KG 
ffi/ KG 
U / K O  
UG/KC 
UO/KG 
UG/ KO 
UO/KG 
UGIKG 
Ut/KG 
UCIKG 
UGiKG 
UGIKG 
UG/KG 
W/KG 
UG/KG 
UQ/KG 
UG/KC 
UWKG 
UG/KC 
UG/KG 
U G K G  
UWKG 
UPKG 
UC/KG 

fotel 
Avcraae 

200 
200 
200 
200 
200 
200 
200 
200 

1000 
400 
1000 
200 
200 
200 

1 OD0 
200 
2t0 
2c0 
200 
200 
200 
200 
200 
200 
200 
zoo 
200 
200 
200 
210 
200 
200 
200 
200 
200 
200 
200 
200 
200 
200 
200 
200 
200 
200 
440 
200 
200 
200 
200 



Locat i an=S8010 EEOIME~T PESTICIDEIPCB SUMMARY ALL UNITS UWKC 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
1% 
t2 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

AWALYTE 
Totd 
ramplet 

4,LI-DDD 1 
4,b -DDE 1 
4.4' -DOT 1 
M O R l N  1 
MOC LOR - 1 01 6 1 
uloc1oR~1221 1 
MIOCLOR-1232 I 
ARKLOR- 1242 1 
ARDCLDR- 1218 1 
ARMLOR- 125L 1 
uLoClCU-I26O 1 
CHLORDANE 1 
DIELDRIN 1 
ENDOSULFAU 1 1 
ENDOSULFAN I 1  1 
LNDdUlCFAN SULFATE 1 
EIDRIN 1 
ENDRlN KETONE 1 
WEPTACHLOR 1 
UEPlACHLOR EPOXlDE 1 
NETHOXTCHLaR 1 
IOXAPHENE 1 
rlphs-BHC 1 
beta-EHC 1 
Ck 1 t II- BHC 1 
g m - B H C  (1 I WDANE) 1 

s%eLS=. 

26 

lots1 U8XinUr Avrrrge 
CROL Hits CRPL Hit WXHUIIT Nit 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
1111..... 

16 
16 
16 

80 
80 
80 
60 
a0 
80 . 
80 
80 
16 
8 

16 
16 
16 
16 
8 
8 

BO 
160 

a 
6 
8 
8 

8 

4 u  
6 0  
4 u  
2 u  

20 u 
20 u 
20 u 
20 u 
40 U 
40 u 
20 u 
O U  
2 u  
4 u  
4 u  
4 u  
L U  
t u  
2 u  
20 u 
40 U 
O U  
t u  
2 U  
Z U  

20 u 

Uc/m 2 
UOIE 2 
UG/KG 2 
M/KO 1 
UC/KG 10 
UWKG 10 
UC/KG 10 
UGIKC 10 
UWKII 10 
UOIKO 20 
W K O  20 
w w a  10 
w/wo 2 
K V K G  1 
&/KG 2 
UG/KG 2 
WfKE z 
W K G  2 
U/KQ 1 
W/KO 1 
WKG 10 
W W G  20 
UWKO 1 
W I G  1 
tK;/yo 1 
UG/LG 1 



Loco t ioWSEDOl0 

0 
1 
2 
3 
4 
5 
6 
7 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

a 

AWYTE 

ALWI WU 
AWTlWOWY 
ARSENIC 
BARIUM 
BERY LL JUI 
CADWtun 
WLCIUl 
CESIUM 
CnROnIUl 
C W L T  
COPPER 
1 ROY 
LEAD 
WGNESIW 
NANGAHESE 
WERWRY 
NOLYBDEMM 
NICKEL 
POTASS I UW 
#LEN I W 
SILVER 
SODIM 

THALLIUM 
VANADIUN 
ZINC 

siawi IUM 

TDta l  
Slvnplrs 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
I 
1 
1 
1 
1 
1 
1 
1 
1 
1 

26 
SSP.l.. 

Tota I 
ERR Hits 

0 
0 
0 
0 
0 
0 

. o  
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
=*e-=.- 

SEDlWENT TOTAL METM S W R Y  ALL UNITS UC/KG 

CROL 

40000 
12000 
2000 

40000 
1000 
1000 

2000000 
200000 

2000 
10000 
5000 

20000 
1000 

2000000 
3000 
200 

Ldooll 
moo 

2OObOOO 
1000 
2000 

2000000 
40000 
2000 

4000 
ioooa 

WIWUI 

2950 
0.5 u 
0.5 
11 
0.5 u 
0.5 u 
3990 
27 u 
4.7 
9.4 u 
0.42 
5280 
1.6 
2480 
340 
0.11 u 
I1  u 
4.3 u 
550 
0,bL u 
1.1 u 
54 u 
15 
0 , l l  u 
13 
23 

MXUN I t 

wa 
W K C  
MWKG 
W K G  
WWKfI 
YWKQ 
MG/KG 
RG/KG 
W K G  
W/KG 
wwo 
M/fi 
MWQ 
WVKC 
WM 
ME/KQ 
MWKO 
NG/KG 
NWKG 
W K P  
W K G  
WWYP 
MWKG 
UG/KQ 

W K G  
WWKG 

rota t 
Avmrop 

2950.00 
0.25 
0.50 

11.00 
0.25 
0.25 

3m.w 
13.50 
b.70 
2.70 
0.42 

5WL00 
7.60 

2480.w 
340.00 

0.05 
5.50 
2.15 

550.00 
0.02 
0.55 

27.00 
15.00 
0.M 

13.00 
23.00 



iocrt fon=SEDO10 SEDIMENT TOTAL RAD WlolARr ALL UNITS PCIIKO 

a AYALYTC 

AIIERICIU(-241 

CROSS ALPHA PARTICLE RAD IOAC 

CROSS BETA PARTlCLE RADlOACT 
PLUTOWIW-239 ' 

T R I T I M  
UWluI, TOTAL 
W)1IUM-233,-234 
URANlUI.238 

Total lotat IlaxiaMI Average 
Samples CRRL H ~ K S  CRQL Hit MAXHUYlT Hit WIW W N i T  

1 

1 
1 
1 
1 
1 
1 

1 

8 
l W l l i l L  

20 
4000 

10000 
30 

400000 
0 

300 
so0 

10000 
28000 . 
1 .a 
890 
91 0 

PCIfKG 10000.0 
PCI/KG 28000.0 

' 

1 .I 
P C l l K 6  890.0 
PCt/KG 910.0 

0 PCt/KQ 
10000 PCVKG 
Z80W P C V K G  
10 PCJ/KE 
160 PCWL 
1.8 
890 PC!/K6 
910 PCI/YC 

Totel  
Average 

0.0 
1woo .o 
28000.0 

10.0 
160.0 

1.8 
690.0 
910.0 



SEDIMENT MA SWHARY At1 UNITS U/CC 

1 
2 
3 
4 
5 
6 
7 
8 
9 

TO 
11 
12 
13 
14 
15 
16 
17 

19 
20 
2t 
22 
23 
21 

ia 

211 
29 
30 
S I  
32 
33 

I 34 
35 
36 

ANALYTE 

? , I ,  l-TRICHLORDETHAWE 
! , I ,  2,281ETMCH10ROE7 WE 
1 , l  ,~-TR~CHLOROETHAWE 

1, ~-DICHLDRO&THENE 
1~T-DICIILORMTHAHE 

1,2-DICHLOROETHANE 
1,2-b~CHLOROE?HENE 
1,2-01EhLOROPROPANE 
2-BUT ANWE 
2-CHLOROETHYL VINYL B H E R  
2-HMANONE 
44ETHY L-2.PENTANME 
ACETONE 
BENZEUE 
BROHOOICHLORWETHAWE 
BROHOFORH 
BRPKYlETHANE 
CARBOY OISULFlDE 
CARBON TETRACHLOR!DE 
CHL#OE€NZENE 
CHLOROET WANE 
CHLMOFDRM 
CHLOROnETHANE 
D IBROHCtCHLOROMETHAUE 
ETHYLBENZENE 
NETHYLENE CHLORtOE 
STYRENE 
TETRACHLORRMTHENE 
TOLUENE 
TOTAL XYLENES 
TR~CHLOR~ETHENE 
VINYL ACETATE 
VINYL CHLORIDE 
Cl$-l,3-DlCHLQROPR6PEUE 
trans- I ,2-DlCHLoROETHENE 
trms- 1,3-DICHLOROPRCPEHE 

5 
3 
3 
3 
3 
3 
1 
3 
3 
1 
3 
3 
3 
3 
3 
3 
3 
3 
5 
3 
3 
3 
5 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
2 
3 

103 
~ R C ~ L E =  

Total 
CRQL HItr CRQL 

0 5 
0 5 
0 5 
0 5 
0 5 
0 5 
0 5 
0 5 
1 10 
0 0 
a 10 
0 10 
1 10 
0 5 
0 5 
0 5 
0 10 
0 5 
0 5 
0 5 
0 10 
0 5 
0 10 
0 5 
1 5 
2 5 
0 5 
0 5 
2 5 
1 5 
0 5 
0 10 
0 10 
0 5 
0 5 
0 5 

I 
S8S===I=Z 

Manimm 
Hit WHWIT 

D 

12 UWYQ 

167 U W K G  

. 
e 

1 J  UC/KG 
6 J  UG/KG 

Z J  UQ/KG 
7 5  UGKB 

Average 
Hit 

. 
12.0 

167.0 
* . 

1 .O 
4 .O 

1.5 
7.0 

* 

9 u  
9 u  
9 u  
9 u  
9 u  
9 u  
9 u  
9 u  
130 U 
10 u 
b c U  
66U 
167 
v u  
V U  
9 u  
18 U 
9 u  
9 u  
9 u  
18 u 
9 u  
'18 u 
9 0  
9 u  
6 5  
9 u  
9 u  
6 U  
9 u  
9 u  
6 c U  
18 u 
9 u  
6 U  
9 u  

WAXUNlT 

uwc 
UWKG 
UWWC 
UWKG 
UWKO 
WtG 
UWKQ 
W/KG 
U W K G  
W/KG 
W Y G  
UWKG 
U / K G  
W K G  
=/KG 
UG/KG 
UWKG 
UC/KG 
Uom 
UQIKO 
WKt 
UC/KG 
UG/m 
UG/KG 
UCIKG 
UWKG 
WlKG 
UCKG 
W K G  
UWKG 
UG/KS 
UWKG 
UWKG 
UWKG 
UWKG 
UCf KO 

Total 
Averroe 

J.333 
1.553 
3.333 
3.333 
3.333 
3.333 
4.500 
3.333 

28.667 
S.OOQ 

15.353 
15.333 
80,353 
3,533 
3.333 
3.333 

3.333 
3.333 
3.333 
6.W 
3.333 
6.833 
3.333 
2.833 
3.667 
3.335 
3.333 
2.000 
4.833 
J 3 3 3  

15.3J5 
6.833 
3.353 
2 .no 
3.333 

6.833 



SEDlMWT AClD EXTRACTABLE SUMMARY ALL UNITS UG/KG 

4 s  

1 
2 
3 
4 
5 
6 
? 
8 
9 

10 
11 
72 
13 
14 
15 
16 

2,4,5-TRl CHLOROPHENOL 
Z,4,6-lRICHLOROPHEUL 
2,C-DICHLORDPHENOL 
2,4-DIHETHYLPHENOL 
2,4-DIYlTROPHEYOL 
2-CHLMLOPIIEWOL 
2-METHYLPHENOL 
2-WITROPHENM 
4,6-D 1 W I TRO-2*UETHYLPWEWL 
4-CHLORO-3-HETHYLPHENOL 
C=CIETHY LPHENOL 
4-Y1 TROPHENU- 
BPYZOIC ACID 
BEYZYL ALCOHOL 
PENTACMlOROPHEh'OL 
PHENOL 

Total 
& W a s  

3 
3 
3 
3 
3 
3 
3 
5 
3 
5 
3 
3 
3 
3 
3 
3 

18 
1111es1 

Total  
CRPL Hftp 

0 
0 
0 
0 
0 
O 
0 
0 
0 
0 
0 
0 
D 
0 
0 
0 

0 

CUPL 

1600 
S O  
330 
530 

1600 
130 
330 
330 

1600 
330 
330 

1600 
1600 
330 

1600 
330 

Wimm 
Hit 

. 

0 

. 

Average 
WHUNIl Hit MAXIMU4 

11000 u 
2300 u 
2300 u 
2300 u 
11000 u 
2300 U 
WOO u 
2300 U 
l lW0 u 
2300 U 
2300 U 
11000 u 
11000 u 
2300 U 
11000 u 
2390 u 

Toto1 
Average 

2143.33 
561.61 
561 .bT 
561.67 
no0 .oo 
561.67 
561.61 
561.67 

2716.67 
701.67 
561.67 

2760.00 
271 6.67 
701.67 

271 6 67 
56'1.67 



1 
2 
f 
4 
5 
6 
? 
8 
9 

10 
11 
12 
13 
11 
15 
16 
17 
18 
19 
M 
21 
PZ 
23 
2.4 

6 28 

20 
30 
31 
32 
33 
34 
S5 
56 
37 
38 
39 
10 
41 
12 
43 
44 
45 
46 
17 
48 
49 

ANALYTE 

1,2,4~fR~CHLOROEEMZENE 
1 J-DI ~HLORO~ENZENE 
1,3-DICHLDROBENZENE 
1.4-DICHLORDBEN2EWE 
2,4.0111 TROTOLUEUE 
2,6-D IUt TROTOLUENE 
2-CHLOROYAP WTHALENE 
2-MTHYLWHTHALLNE 
2-WltRWIL INE 
3,3'-DI CHLOROBENZIDINE 
3-WITROAN I L f NE 
4-8ROCIDPHEIYL PHENYL ETHER 
6- CHtORW I 1 1 NE 
4-CHLOROPHENYL PHENYL ETHER 
4 - I I T R W I  LI NE 
ACEWHTHENE 
AC€NAPHTHY LENE 
ANTHRACENE 
BEWZO(a)ANTHRACENE 
BEWZ6Ch)PYRENE 
BEWZO(b)FLUORAHTHEWE 
BZNZNshi )PERILEWE 
nEYZD( k)FLUUiANTHENE 
B I L (2.EHLORDET HOW )MET H4NE 
BlSG!-CHLQROETHYL )ETHER 
E1 S(2.CHLOROI SOPROPYL )ETHER 
BlE(2~ETHY LHEXYL)PHTHALA7E 
BUTYL BEUZYL PHTHALATE 
CHKYSEE 
01-n-BUTYL PHTHALATE 
01-n-DCTYL PHTHALATE 
O I ~ E W Z O ~ O ( ~ , ~ I A N T H R E N E  
DIBENZOFURAH' 
DIETUYL PHTHALATE 
DIMETHYL PHTHALATE 
FLUoaANTHWE 
FUJORLNE 
HEKACHLORoBENZEtJE 
HEXACHLOROBUTAD ICNE 
E X A C H L ~ O C Y C L W N T A O  IENE 
HENACHLORMTHANE 
IWbE)(O( 1 ,&)-cd)PYRENE 
ISOPHORONE 
Y-N ITROSO-D 1 -n-PRO?Y LAM 1 NE 
Y-N IfRoSOOl PHENYWI NE 
NAPHTHALENE 
YlTROBELlZENE 
PIIEYANTHREUE 
PYRENE 

Totat 
senplea 

3 
3 
3 
3 
1 
3 
3 
3 
3 
3 
3 
3 
S 
3 
3 
f 
5 
3 
3 
3 
3 
3 
J 
3 
3 
J 
3 
3 
3 
3 
3 
3 
3 
3 
5 
3 
3 
5 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

147 
L I U m r .  

Total llwimun 
CRQL Hits CROL H i t  

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
4 
0 
3 
0 
0 
1 
0 
0 
0 
0 
0 
D 
0 

0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 

5 

a 

a 

li = P ii G -.- = t 

330 . 
330 
a0 . 
330 . 
330 . 
530 . 
330 . 
330 . 

1600 . 
6 6 0 .  

1600 . 
330 . 
330 . 
33Q 

1600 . 
330 . 
330 . 
330 . 
335 . 
330 . 
330 . 
330 
330 . 
330 . 
330 . 
330 . 
330 290 J 
330 . 
330 . 
330 40 J 
330 . 
330 . 
330 , 
330 . 
330 . 
530 , 

330 . 
330 . 
530 * 
330 . 
330 . 
350 170 JB 

f3O . 
330 . 
330 . 

33a 

3x1 . 
330 . 

sa . 

SEDIMENT BASE NEUTRAL. EXTRACTABLE w w z r  ALL WITS UWKG 

Average 
MXHUNIT H l t  

UG/KC 156.663 

UO/KG 40.000 

. 

WIW 

2300 u 
a 0 0  u 
2300 u 
2300 u 
23OQ U 
2300 U 
23MI U 
23wu 
11000 u 
L?OQ U 
11000 u 
2300 u 

2300 u 
11DbO U 
2300 u 
2300 U 
2300 U 
2300 U 
2300 u 
2300 u 
2300 u 
a 0 0  u 
2300 u 
2390 U 
2300 u 
290 J 
2300 u 
2300 u 
2300 u 
2300 U 
2300 u 
2300 u 
2300 u 
a00 u 
2300 u 
D W  u 
2300 U 
2300 u 
2300 U 
2300 u 
2300 u 
2300 u 
2300 U 
2300 u 

2300 U 
2300 u 

2300 u 

a a a  u 

m a  u 

WXUN I T 

ffi/KO 
bWKC 
UG/KI  
W U G  
f f i / K G  
Lw;/ KO 
W K G  
Uo/KG 
UG/KG 
U G l K G  
UG/KG 
W K G  
UG/KG 
Uo/m 
W K G  
UC/KO 
UG/KG 
UG/KC 
UGIKG 
UOKQ 
UC/KG 
UWKG 
UG/KG 
WfKG 
UWKC 
UWKG 
UVKG 
UC/XG 
UWKG 
UWKG 
W/YG 
M/KC 
W/KQ 
&/KG 
W K G  
UWKG 
UWKG 
UWKG 
UGIKG 
UWKG 
UWKG 
uo/E 
UWKb 
&/KG 
uO/IcG 
UG/KG 
UG/Ko 
UG/KG 
U W G  

l a t a [  
Average 

561.67 
561.67 
561.67 

S61.67 
561.67 
561.67 
561.67 

2716.67 
1136.67 
2716.67 
561.67 
701.67 
561.67 

2716.67 
661.67 
561.67 
561.67 
561.67 
261,6? 
561.67 
561.6? 

561.67 
561.61 
561 4 7  
156.67 
561.67 
561.67 
540.00 

561.67 
561.67 

561.67 
561.67 
561.67 
561 .&7 
561.67 
561.67 
561.67 
fa1 A 7  
561.67 
561.4 
583.33 
561 67 
561.67 
361.67 
561.67 

561.61 

561 *67 

561 e 6 7  

561.67 

. .  .., . . .  . 



4 ANALYTE 

. $  
2 
1 
4 
I 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 

19 
20 
21 
22 
23 

i a  

L,O'-DMI 
4,4'-DbE 
4,II-DDT 
ALDRIN 
&ROCLOR- I O  t 6 
AROClOR~12Z1 
AROCLP-I232 
AROCLOR. 1242 
AROCLOR- 1248 
ARDCLOR- 1251 
AROCLOR- 1260 
CHLORPAYE 
DIELDRIN 
ENDOSULFAN t 
ENDOSULFAN 1 1  
ENDOSULFAN SULFATE 
CNDRlN 
ENORIN KETONE 
HEPTACHLOR 
HEPTACHLOR EPOXIDE 
NETHDXY CHLOR 
TOXAPHENE 
rtpha-BHC 

4 ~lphb-CHL~RDANE 
5 bet0-e.HC 
6 delta-BHC 
27 @@MU-5HC (LINDANE1 
28 #--CHLORDANE 

Total 
Samples 

5 
3 
3 
3 
S 
3 
3 
3 
S 
3 
3 
1 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
2 
3 
3 
3 
2 

80 
I8=fC-= 

1otr I M a x i m  Avaragc 
CRPL Hits CRQl H i t  WWNIT H i t  

0 16 . 
0 16 , 
1 16 95 XZ UG/KG 95 

0 8 0 ,  
0 80 . 
0 8 0 .  
0 8 0 *  
0 8 0 .  
1 80 540 I( UC/KG 540 
0 80 . 
0 8 0 .  1 

0 16 
0 6 .  
0 16 . 
0 16 . 
0 (4 . 
0 16 . 
0 8 .  
0 8 .  
0 8 0 .  . 
0 160 

0 w .  
0 8 .  
0 8 .  
0 8 .  
0 80 . 
2 

0 a .  

0 a .  

003==..1=5 

UAXlUUU 

42 u 
42 u 
95 XZ 
21 u 
210 u 
210 u 
210 u 
2tQ U 
210 u 
540 x 
420 U 
15 u 
42 u 
21 u 
42 U ' 
42 u 
b2 u 
42 u 
21 u 
21 u 
210 u 
420 U 

21 u 
210 u 
21 u 
21 u 
21 u 
210 u 

UCKG 
UG/KO 
W K G  
UWW 
ucm 
w/KG 
Wffi 
&/la; 
W K G  
W/KQ 
UG/KG 
Uo/G 
UWKG 
W K G  
UG/KO 
UWKG 

W/KG 
W K G  
W K G  
W K G  
Ua/KG 
U / K C  
W K G  
WIG 
UVYC 
UWKC 
UWKG 
W K G  

Total  
Averrgr 

12.167 
12.167 
39.167 

6.083 
60.833 
60.65 
60.833 
60.833 
60.833 

255 .om 
121.667 

?,100 
12.167 
6.083 

it. I67 
12.167 
12.167 
12.167 
6.W 

60.833 
121.667 

87.500 
6.083 
6.083 
6.083 

87300 

6.0~13 

6.0a3 



Locat iorrSEOO11 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
15 
14 
15 
14 
17 
18 
19 
20 
21 
22 
23 
24 

27 
28 

AKALYTE 

ALWIYUCI 
ANTlnowY 
ARSEUIC 
UARIUn 
BERY LL IUI 
CADMIUM 
CALCIUM 
C E S l U  

CHftOnlUM 
COEACT 
COPPER 
tRlM 
LEAD 
LltHtUFl 
MAGNESIUM 
UANWESE 
WRWRY 
WL)LYBDEISJI( 
NICKEL 
POTASSIUM 
SELEWIUX 
ClLVER 
6OOIwI 
STRONTIUM 
THALLfW 
TIN 
VANAbIUn 
ZIWC 

Yotal 
m l e s  

4 
4 
4 
4 
4 
4 
4 
3 
6 
4 
4 
4 
L 
3 
4 
4 
4 
4 
I 
4 
4 
4 
4 
I 
4 
3 
4 
A 

109 
..=Pa=. 

Total 
CRQL Hits 

1 
0 
1 
1 
1 
0 
1 
0 
1 
0 
I 
t 
1 
0 
0 
1 
0 
0 
0 
0 
0 
1 
0 
1 
0 
I 
1 
I 

15 
.=OP=.zP. 

CEDlNENT TOTAL W€TAL W R Y  ALL UNITS UWKG 

cRaL 

40000 
12000 
2000 

40000 
1009 
1000 

2000000 
200000 

2000 
10000 
5000 

too00 
1000 

20000 
2000000 

3000 
zoo 

40000 
6000 

2000000 
1000 
2000 

zoooooo 
40000 

2000 
10000 
10000 
6000 

HlXinUxR 
N i t  

6920000 

0500 
95300 
2500 

27400000 

no0 

13200 
1980000 
12200 

s 

. 
152000 

. 

15000 

62400 

404000 
22300 
735000 

# 

WHUU I T 

UWKG 

UC/KG 
W/KG 

UcKG 

UWKG 

UVKG 

UO/KO 
M/KG 
UG/KG 

UWKG 

UWKG 

UC/KG 

%/KG 
UG/YG 
UG/KG 

Average 
n i t  

6920000 

4500 
95300 
2500 

27400000 

7900 

13200 
8980000 

12200 

. 

. 
152000 

. 
15600 

6%00 

404000 
22300 

7 3 K l b O  

IUTIW 

69201100 
17800 U 
4500 
95300 
2509 
1500 U 
Z7UOOOO 
w60oo u 
7900 
11800 u 
13200 
8960000 
12200 
?ZOO 
1980000 
152000 
140 U 
3000 U 
1?600 U . 
1480000 u 
1500 U 
15000 
1460000 U 
62400 
2900 u 
4MOOO 
22300 
735000 

MXUWI 1 

W K Q  

uO/u 
uc/m 
UG/XG 
UVKG 
UWKO 
uli/ffi 
UGftX 
UWKG 
UC/KG 
UWKQ 
UG/KG 
UWKE 
&/KG 
UVYG 
W K G  
UG/KG 
UWKG 
UG/KO 
UG/KE 
UWKQ 
UWKa 
UG/KG 
UG/KC 
W K G  
UG/KG 
W K G  

u w n  

Total 
Awrs@e 

1737057.50 
u26.w 
1126.73 

25864.08 
625.31 
188.25 

6892925 .oo 
49352.00 

1981 15 
1854.M 
33 11.60 

2250825.00 
3059.78 
2103.57 

496030 50 
36089.50 

17.70 
376.34 

1487.40 
186711.75 

187.67 
3151.15 

185257.00 
15624.02 

363.6k 
136677.90 

5588.48 
184066.70 



Lwr t I MrSED 0 1 1 SEDIMENT TOTAL RAD SUMMARY AtL UNIT6 PCI/t!G 

7 
2 
3 
4 
5 
4 
7 
6 
9 

10 
11 
12 
13 

MER1 CI W-24 1 
CESIW-137 
GROSS ALPHA PARTICLE RADIOAC 
GROSS BETA PARTIdLE RADtOACT 
PLUTON I W - U O  
IUDluI-226 
OAprull-228 
STRolsTlUn-90 
TRITIUM 
URANIUM, TOTAL 
WNIUn-P3, -2% 
URAWlW-235 
LRAY1I.M-238 

Total Tatel lhxiaua Averege 
tarples CRPL Hit8 CRQL Hit W H U Y I T  Hit  

1 
1 
2 
z 
2 
1 
1 
1 
2 
2 
2 
1 
2 

20 
a====== 

0 
0 
2 
2 
t 
1 
1 
0 
0 
2 
1 
0 
1 

11 
R=m=LtlL. 

20 
1 00 

4000 
10000 

30 
500 
560 
1000 

bOO000 
0 

300 
300 
300 

. 
19000 
24000 
9 00 
700 
1400 

* 
2.6 
1200 

1209 

20 
0 
19000 
26000 
100 
700 
1400 
-99 
180 
2.6 
1200 
200 
1200 

MAXUNIT 

PCl/KG 
PCI /KG 
PCl/Y(I 
PCI /KO 
PCVKG 
PCI/KG 
PCt/KG 

P W L  

PC I /CG 
PCI/YC 
PCI/KG 

Total 
Awrigc 

20.00 
0.00 

16000.00 
18500.00 

60.00 
700.00 

1bW.00 
-1M.00 
i(lO.00 

1.59 
745.00 
200.00 
765.00 



Lotrt lwSED012 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
I? 
16 
19 
20 
21 
22 
23 
26 

C. 

28 
29 
30 
3t 
32 
33 
34 
35 

1,1,1-TRICHLDAOETHANE 
1 ,I  ,&2-TETRACHLORMTHAWE 

1,1 -DICHLORDETHANE 
? , I  - 0 I CHl OROE THENE 
1 ,bDtCHLOROETllANE 

2-WTM'WE 
Z*CHLORDET"IL V I l Y l  ETHER 
2-HEUUONE 
4*METHYL-2-PENTANMcE 
ACETOUE 
BENZENE 
B R W  ICHLOROEIETHANE 
llRoMO?ORw 
BROHOWETHANE 
CARBOW DISULFIDE 
UR BOW T E l  RACHLOR 1 DE 
CHLOROBENZENE 
CHLOROETHANE 
CHLOROFORM 
CHLOROHETHANE 
DfBRorY)CHLORWETWANE 
ETHYLBEUZENE 
METHYLENE CHLORIDE 
STrRENE 
TETRACHLOROETHEHE 
TOLUENE 
TOTAL XYLENES 
TRI CHLORMTHENE 
VINYL ACCETATE 
VINYL EHLDRIDE 
eiC-l,).DICWLoRoPROPEIIE 
tram- 1 ,ED I CHLORMTHENE 
trMnS.1,3-DICHl.ORDPROPZHE 

1, 'I,Z-TRICHL6RWTHANE 

1,2-DICHlOROPROPANE 

Total 
Samples 

7 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
I 
t 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

35 
IZ%i==lO 

Total 
CRPL Hit; 

0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
1 
1 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 

5 
QL=:pI=== 

CRPL 

5 
5 
5 
5 
5 
5 
5 

I O  
0 

10 
10 

5 
5 
S 

10 
5 
5 
5 

5 
90 
5 
5 
5 
5 
5 
S 
5 
5 

10 
I O  
5 
5 
5 

i a  

l a  

A l l  UNITS &/KG 

ftexqmun 
Hit 

5 5  

39 
S J  

. 
4 J  

. . 
' .  

I J .  

. 
v 

Average 
WHUlllt I t  t 

UCf KG 5 

I 

I 

Uof KC 39 
=/KO 3 

UCIYG 4 

UWKG 4 

. 

WlCKH 

5 u  
5 U  
s u  
5 u  
5 5  
S l J  
5 u  
1 0  u 
10 u 
I O  u 
10 u 
59 
3 5  
5 u  
5 u  
to u 
s u  
5 u  
C J  
10 u 
5 u  
10 u 
5 u  
5 U  
5 u  
5 u  
5 U  
5 
5 U  
4 5  
10 u 
10 U 
5 u  
S U  
5 u  

ClAXullll 

UWKG 
UWKG 
W K G  
UVKO 
&/KG 
W/KG 
W K G  
UGf KG 
w u a  
UG/KC 
W K G  
UG/KG 
UC/KG 
M/KO 
UG/KG 
M/KO 
UG/KG 
UG/KCi 
U G K G  
UG/KO 
UG/KG 
OWKG 
UG/KC 
UC/KG 
UG/KG 
U W G  
UO/KG 
UG/KG 
W K G  
UC/KG 
UG/KG 
UC/KG 
UG/KG 
UWKC 
UG/KG 

Total 
Avorqt 

2.5 
2.5 
2.5 
2.5 
5.0 
2.5 
2.5 
5.Q 
5.0 
5.0 
5.0 

39.0 
5.0 
2.5 
2.5 
5 .O 
2.5 
2.5 
4.0 
5 .O 
2.5 
5.0 
2.5 
2.5 
2.5 
2.5 
2.5 
5 .0 
2.5 
4 * 0  
5.0 
5.0 
2.5 
2.5 
2.5 



Locstf On=SEDOlZ 

1 
2 
3 
c 
S 
4 
7 

9 
10 
11 
12 
13 
36 
15 
26 

a 

2,4,5-lRICHLaRaPHEWOL 
2,4,6-TR I CHLOROPHEXOL 
2,L-D ICHLOROPHENM 
~,4-DlME~HYLPHENOl 
2,4-DIN1TROPHEHOL 
2-CHLOROPHENOL 
2-CIETHYLPHENOL 
2- NI TRWHENOL 
4,6-D IN1 TkO-2-HETHY LPHENOL 
4-CWLORO-3-IEtHY LPHENOL 

~-WITRWHENOL 
BEMOLDIC ACID 
BENZYL ALCOHOL 
PEHTACWLDROPHEWL 
PHENOL 

&-RETHY LPHEWL 

tota l  
-le8 

1 
1 
1 
1 
1 
1 
1 
1 
1 
i 
1 
f 
1 
1 
1 
1 

16 
re.%=. 

L D I N E W T  ACID EXTRACTABLE SUUMARY ALL UNITS UG/KC 

Total 
CRU Hita 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
P...s=r”x 

CRPL 

1600 
ao 
330 
330 

1600 
550 
330 
330 

1600 
330 
330 

l600 
1600 
330 

1600 
330 

Wlnrm 
Hit 

. 

. . 

. 

Averape 
IU)(HUNIT Hft WAXIMM 

1400 U 
270 u 
270 u 
270 u 
1400 U 
t t b  u 
270 u 
210 u 
1400 U 

270 u 
270 u 
1400 U 
lLOQ U 
270 u 
1400 U 
270 U 

t o t d  
W l T  Average 

W/Y6 700 
UWKG 13s 
UG/KG t35 
U / K G  135 
UWKG TOO 
WflG 135 
M/KO 135 
UGlWo 135 
uc/I(5 700 
UWKG 135 
UWYO 135 
u c m  700 
WKG 700 
UWKG 155 
UG/KO 700 
U W G  135 



LatatlcnsSFDO12 

1 
2 

SEDIMENT BASE NEUTRAL .EXTRACTABLE rumAllY ALL UNITS W/KG 

6 
7 
8 
9 

to 
11 
12 
13 
14 
1s 
16 
I7 
18 
19 
20 
21 
22 
23 
24 

28 
29 
3a 
31 
32 
33 
34 
35 
M 
37 
38 
$9 
10 
41 
42 
43 
44 
45 
46 
47 
40 
49 

MALYTE 

1,2,4-T~ ICHLOROBENZENE 
1, 2-DICHLOROBENZENE 
1,3-D1 CHLMOPEYZUIE 
1 ,I-DICHL#DBEUZENE 
P,~-DlYITROIU.UENE 
2,6-D1 If TROTOLUENE 
&CHLonaNAPHTHAlENE 
t-N€THYLWAPHTlULENE 
2 4  I TROAN I 1 1YE 
S,3‘-DICHLORDSEWtSDINE 
3-N I TRWl L INE 
4-BRDIIDPHEWYL PNHYL ETHER 
4-CHLOROMIlL!NE 
44ILORWHENYL PHENYL ETHER 
I-YITRPWIL t NE 
ACUUPHTHENE 
ACENAP HTHY LENE 
ANTHRACENE 
lWto(o)AWTHRACENE 
BEI(ZO(a)PYRENE 
BENZO(b)FLUORAUTHENE 
lENZO(ghl )PERYLWE 
BEWO(k)FLWRANTHENiE 
BIS(2-EHLOROElHOXY )METHANE 
BlS(Z-CHLonMTHvL)ETHER 
B19t 2-CHLOROI SOPROPYL E T H E R  
BIS[2-PTHYLWEXYL)PHTHALAT~ 
BUTYL BENZYL PHTHALATE 
CHRY SENE 
01-n-BUTYL PHTHALATE 
DI-n-OCTYL PHTHALATE 
DI BENZO(8, h )ANTHRACENE 
DIBENZOFURAN’ 
DIETHYL PHTHALATE 
DIMETHYL PHTHALATE 
FLUOlllWTHENE 
FLUORENE 
REMCHLOROBENZENE 
HEXACHLORWTAD1ENE 
HEXACHLORDCY#oPENTADI E l  
HEXACHLOROETHANE 
INDENOt 1,2,$-cd)PYUNE 
IWHORONE 
Y -Y I TROW-D I -n= PROPYLAHINE 
W-N1TROSOOlPHEUYLAMIWE 
NAPHTHALENE 
YlTROeEWZENE 
PHEYIN’IHRENE 
PYREYE 

fotat  

Samples 

1 
1 
1 
? 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
t 
1 
1 
1 
1 
1 

19 
st*-== 

Total 
CRU #Its 

0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
1 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 

1 

5 

a 

a 

E=.LLLSLC 

Waxhun 
ERPL Hit 

330 . 
330 . 
33D 
330 . 
330 . 
330 . 
330 . 
330 . 

1600 . 
660 Q 

1600 . 
330 . 
330 . 
330 . 

1600 . 
330 . 
330 , 
s o  . 
330 . 
330 , 
330 . 
354 . 
330 . 
330 . 
330 . 
330 - 
330 160 J 
330 . 
330 . 
330 50 J 

330 . 
330 . 
330 . 
330 . 
330 50 J 
330 . 
330 . 
330 . 
330 a 

330 . 
330 . 
330 . 
335 . 
330 a0 JB 
330 , 
J30 . 
330 . 
330 50 J 

330 

KAXHUNlY 

U W G  

UWKC 

UVKG 

UWKG 

UOIKG 

Average 

Hit 

a 

L 

I 

b 

I 

. 

. 
160 

30 

. 

50 

. 
240 

so 

WIMM 

2711 u 
270 u 
270 U 
zm L1 
270 u 
270 U 

270 u 
270 U 
1400 U 
540 u 
1400 u 
270 U 
270 U 
270 U 
’IC00 U 
270 U 
270 U 
27b U 
270 U 
270 U 

270 U 

210 u 
270 U 
270 U 
274 u 
1bO J 
270 U 
270 U 
50 J 
270 U 
270 U 

270 u 
270 U 
270 U 
50 J 
270 U 
270 U 
270 U 
270 u 
2’10 u 
270 u 
270 U 
270 u 
240 JB 
270 U 

270 U 
270 u 
50 J 

zro u 

nAXUNI T 

UG/KG 
UWKG 
UCf KG 
UG/KG 
UWKO 
UWWC 
UWKG 
UC/KG 
UG/KG 
UGIKG 
UC/KG 
UG/KG 
UWKG 
UWKO 
UWYG 
UWKG 
UG/LG 
UWWG 
UG/KG 
UWKG 
U W K G  
U / K G  
UG/KC 
W K G  
UG/KG 
W K G  
W/KQ 
UGfKG 
UG/KG 
U y K C  
UO/KG 
UWKG 
UWWG 
UGIKG 
UG/KCf 
UG/KO 
UG/KG 
W K G  
UG/KG 
UG/KG 
UWKG 
UWKG 
U W Q  
UG/WC 

UCACG 
UG/KG 
UG/KG 
UGfKG 
UG/KG 

Total 
Avcrspa 

135 
135 
135 
135 
135 
135 
135 
135 
100 
270 
700 
135 
135 
135 
700 
135 
135 
135 
135 
135 
135 
135 
135 
135 
135 
135 
160 
135 
135 
50 

135 
135 
135 
135 
135 
SO 

135 
155 
135 
135 
135 
135 
135 
135 
24 0 
1f5 
135 
135 

50 



SEDIMENT PESIIC~DEIPCB SUMMARY ALL MITO WKG 

e AUALYTE 

1 
2 
1 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 

I ,  4 ' -DO0 

4,4'-DDT 
ALDRIN 
AROCLDR-1016 
ARocI#- 1221 
AROCLOR - 1232 
MOCLOR- 1242 
AROCLOR -1248 
AROCLOR. 1254 
ARocLOR-12bo 
CHLORDANE 
DIELORIN 
ENDOWLFAN t 
ENDOSULFAN I 1  
ENDOSULFAN SULFATE 
ENDRIN 
EIlDRlN KETWE 
HEPTACHLOR 
WEPTACHLPR EWXIDE 
E? HOXYCHLOR 
IOXAPHENE 
rlphe4HC 
bot 0-BHC 
ddtr-BHC 
Olpms-BWC (LINDANE) 

4,4'-DDE 

T o t a l  
Samples 

1 
I 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

. l  
1 
1 
1 
t 
1 
1 ,  
1 
1 

26 
LSPE==EE 

Total  
CRPL Nit& 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
l C C C C S I I l  

CRQL 

16 
16 
16 
8 

Bo 
80 
80 
80 
80 
80 
80 
80 
16 

14 
16 
16 
16 
8 
8 

80 
160 

6 
8 
8 
8 

a 

M a x i m  
Hit 

. 

. 

I 

. 

Aver age 
IUXMINIT Nit 

3 u  UWKG 
3 u  UG/KG 
3 u  UG/Ko 
1.5 u UWII 
15 U M/KG 
15 U wffi 
15 U Wffi 
15 U UGm 
15 u UG/tac 
30 U U G K O  
so u UG/KG 
15 U lJG/xo 

s u  UG/KG 
1.5 U UElKG 
J U  UGIKG 
3 u  UVYG 
3 u  UC/K(r 
S U  UG/KG 
1.5 U I N K G  
1.5 U W K O  

15 u UG/KC 
30 U uO/ KG 
1.5 U W K C  
1.5 U UWKG 

1.5 U UG/KG 
1.s u MIKG 

total 
Averrut 

1.50 
1.50 
1.50 
0.75 
7.50 
7.50 
7.50 
7.50 
7; 50 

15.00 
15.00 
7.50 
1.50 
0.75 
1 .50 
1.50 
1 .so 
1.50 
0.75 
0.75 
7.50 

1s.00 
0.711 
0.75 
0.75 
0 .E 



1 
2 
3 
I 
5 
6 
7 
8 
9 

10 
11 
12 
'13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 

AWYTE 

ALWl Yllv 
ANTIMONY 
ARSEN 1 C 
MRIW 
BERYLLIW 
CAOM IUH 
CALCIUM 
CESIUM 
CIlROUlUl 

COBALT 
COPPER 
IRON 
LEAD 
MAGNESIUM 
MANGANESE 
MERCURY 
HOLYBDENUII 

W 1 CKEL 
WTAfSiU 
SELENIUM 
S 1 LVER 
KIoluW 
STRONTJUFI 
THALLIW 
VANAD 1 UM 
ZINC 

total 
E4tUQlffi 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

26 
= = D I E  

Total  
CROL nit6 

0 
0 
0 
0 
0 
0 
0 
0 
0 
a 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
t t = = P = s E = 

SEDlNEXT TOTAL METAL SUMMARY ALL UWlTS UG/YC 

caaL 

40000 
12000 
2000 

40000 
1000 
1000 

2000000 
200000 

2000 

5000 
20000 
1000 

ZOOOODD 
3000 

200 
40000 
6000 

2000000 
1000 
2000 

2000000 
40000 

2000 
10000 
GOOD 

iooao 

Average 
nit 

. 
* 

. 

* 

* 

* 

IWlMUU 

9660 
2.3 U 
0.27 U 
119 
0.57 U 
0.57 U 
12000 
14 u 
9.1 
8 
17 
17800 
17 
2600 
189 
0.2 
11 u 
17 
42700 
0.27 U 
1.1 u 
65 9 
86 
8.4 
28 
258 

W f t  

MG/KG 
W K G  
UGui/KG 
MG/KG 
UG/KG 
MC/KG 

HG/KG 
MC/KG 
H WKG 
Irc/r5 
WWKG 
MC/KG 
HWKG 
M G / O  
UWKG 
MG/KG 
MWKG 
MG/KG 
MG/KG 
WCf KC 
UC/KG 
HG/KG 
W K C  
W K O  
MWKG 
nwffi 

Tot&\ 
Avrragt 

9660.00 
1.15 
0.U 

119.00 
0.29 
0.29 

12000.00 
7.00 
9.10 
8.00 

lt.00 
12800 .DO 

17.00 
2600.00 
189.00 

0.20 
5.50 

17.00 
42700 .OO 

0 . l k  
0.55 

659.00 
86 .oo 
8.40 

28.00 
258.00 



SEDIMENT TOTAL RM su#IuRI ALL UNlTP PCl/KG 

Totst Tote l  Haximn Average 
Swrgler CRaL Hits ERQL Hit WHUWIT Hit 

AWERICIUn-241 
CROSS ALPHA PARTICLE RADlOAC 
CROSS BETA PARTICLf RADIOACT' 
PLUTONJW-239 
TRITltM 
OlUYtUn, TOTAL 
URIL11uI-233,-23& 
UUWIUI-238 

1 
1 
1 
1 
1 
1 
1 
1 

8 
l l . n . 8  

1 
1 
1 
1 
0 
1 
1 
1 

t 
m L U . i l 8  

20 
4000 

10000 
30 

400600 
0 

300 
300 

190 PCI/KG 
24000 PCl/YG 
22OW P C V K O  
350 PCI/KG 

t.23 
61 0 PCI/KE 
620 PCI/KG 

. 

190.00 
24DOO.00 
22000.00 

550.00 

1.23 
110.00 
620.00 

190 
24000 
22000 
350 
ZlrO 
! ,LJ 
610 
620 

W U N I T  

p c r m  
Ptl /KO 
PCt/KG 
PCllKG 
PCI/L 

PCI/KG 
PCI/K!B 

totat 
Averhgr 

100.00 

22000.00 
550.00 

1.23 
610.00 
620.00 

24000.00 

w . o o  



Locat ion=sEDOlS SEDIMENT MA U l M A R l  A\\ UWtTS UG/KQ 

ANALYTE 

1 
2 
3 
b 
5 
6 
7 
1 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
ZL 

Q 
28 
24 
30 
31 
32 
33 

' 3 4  
35 

1,1 ,I -TRICHLOROETHAWE 
1,1,2,2-TETRACHLORO€THANE 
1, ~,Z-TRICHLORDETHANE 
1,l-DICHLOROETIIANE 
1,1-DIEHLOROETHEUE 
1,%DlCHLORC€THANE 
~,2-DJCHLDROPRDFANE 
2-BWTANOUE 
2-CHLORMTWYL VINYL ETHER 
2-HEXANOYE 
4.METHYL-2-PEWTANONE 
ACETOUE 
BEWZEUE 
8RWOO ICHLUtDNETHANE 
UIOllOFoRH 
DRCWMTHANE 
CARBOU DlSULflDE 
CARBON TETRACHLORIDE 
CHLOROBE HZENE 
CHLORETHAUE 
CHLOROFORM 
CHLORWETMNE 
D l B R ~ H L M W E T H A N E  
LTHYLBEUZENE 
METHYLENE CHLORIDE 
STYRENE 
lETRACHlORDETHENE 
TOLUENE 
TOTAL XYLENES 
TRICHLDRDETHENE 
VINYL ACETATE 
VI YY L CHLdR I DE 
Ci  S-1,3-DICHLDROPRoPENE 
trans- 1 ,29  1 CHLOROE I HEYE 
tr61%-1,3-D t CHLOROPROPEYE 

Total 
Snmplss 

1 
1 
1 
1 
1 
1 
1 '  
1 
1 
1 
1 
t 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
I 
1 
1 
1 
1 
'I 
1 
1 
1 
1 
1 
1 

35 
Icf.=el= 

Totat 
CRQL H i t 6  

0 
0 
0 
Q 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

1 
z P a e h I 5  

CRPL 

5 
5 
5 
S 
5 
5 
5 
10 
0 
10 
10 
10 
5 
5 
s 

10 
5 
5 
5 

10 
5 
16 
5 
5 
5 
I 
5 
5 
f 
5 

I O  
$0 

5 
5 
5 

Maxim 
Hi t  

. 
47 B 

I 

. 

. 

. 

Avoraee 
wnuusi Hit 

. 

. 
e 

UG/L 27 . 

. 

W l W  

5 u  
S U  
5 u  
5 u  
f U  
5 U  

b U  
19 u 
10 u 
10 u 
19 u 
47 B 
5 u  
5 u  
5u 
10 u 
5 U  
s u  
5 u  
lo u 
s u  
10 u 
5 U  
3 u  
5 u  
S U  
5 u  
s u  
5 u  
5 u  
10 u 
10 u 
S U  
5 u  
5 u  

TotaL 
Average 

2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
5.0 
5.0 
5.0 
5.0 

47.0 
2.5 
2.5 
2.5 
5.Q 
2.5 
2.5 
2.5 
5 .o 
2.5 
5 .O 
2.5 
2.5 
2 3  
2.5 
2.5 
2.1 
2.5 
2.5 
9.0 
5.0 
2.5 
2.5 
2.2 



L€KatiarrSfD013 SEDIHENT ACID EXTRACTABLE S W R Y  ALL UNITE UC/M 

t 
2 
3 
4 
I 
6 
7 
8 
9 

10 
11 
12 
13 
14 
ts 
16 

RNALYTE 

2,4,5-TR I CHLOROPHENCK 
2.4 ,&TR I CHLOROPHEYOL 
2,~-D1CHLOROFHE)IOL 
2, bDlHETHYLPnCNOL 
2,4-DS N 1TROPHENOL 
2-fHLDROPHENDL 
2-HEETHYLPHENOL 
2-NITROPHENOL 
4t6.D I N ITRO- %METHY LPHEYOL 

4-WETHY LPHENOL 
4-W I TROPHENOL 
BENZOIC ACIO 
BENZYL ALCOHOL 
PEY7AEHLORWHENOL 
PHENOL 

, ~-CHLORO-I-IKTHILPHENOL 

Tetrl 
I C q l e s  

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

16 
-I==*. 

Total 
CRQL Hits 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
D 
0 
0 

0 
II1L.lllll 

CRQL 

1600 
330 
$30 
330 

1600 
330 
330 
330 

1600 
330 
S O  

1600 
1600 
330 

1600 
330 

Max inn 
Hit 

. 

. 

hwraga 
WXHUNI T Hit WIWM 

2300 u 
460 u 
460 u 
W U  
2300 u 
460 u 
b60 U 
460 u 
2300 u 
460 U 
W U  
7300 u 
2300 u 
46OU 
2300 U 
460 u 

Tatd 
WNtr Average 

M/KG 1150 
UC/KG 230 
UWKG 230 
U W G  250 
WKG 1150 
UG/ KG 230 
W/KO 230 
W K C  230 
uG/ KO 1150 
WICO DO 
UG/KG 230 
UG/KG 1150 
W K G  1150 
UCVYG 230 
U c m  11SO 
W K G  230 



EEDIHENT BASE YELJTRAL EXTRACTABLE WARY ALL UNITS M/WO 

OBI 

1 
2 
3 
4 
5 
6 
7 
8 
9 

90 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 

c 27 

28 
29 
30 
31 
32 

. 33 
34 
f5 
3b 
37 
38 
39 
40 
41 
42 
43 
06 
15 
44 
4 t  
48 
49 

AlULYTE 

1,2,4-lRICHLOROBENZENE 
1,2-D lUlLoRWEU2ENE 
1 ,S-DlCHLOROBENZEWE 
~,4-DfCHLOROBENZENE 
2,4-D IN 1 TROTOLUENE 
2,6-D1 NI TROTOLUENE 
2-CHLORWHTHALEYE 
2-HEtHY LWAPHTHALENE 
2-Y STROAN 11 INE 
f,3’-DICHLOROBENZlDlNE 
S-NITROANIL fNE 
4-BROMOPHENYL PHENYL ETHER 
4-CHLORMN I L I NE 
1*CHLORGPHENYL PHENYL ETHER 
4-B1TRDANILINE 
ACENAPHIHEWE 
ACEbAPHTHYLEME 
MTHRACEE 
BEuZo(a~ANTHRACEU 
BEYZO(e )PYREME 
BEUZO( bl PLUORANTHENE 
BENZC(#hl PERYLENE 
BENZO(k)FLlDRANTHENE 
BIS(2-CHlaOETHOXY )UETHAYE 
BI P(2-CHLOROETHYL )ETHER 
EIS12-CI(LQROI S0PROPYL)ETHER 
BIS(2-ETHYLHEXYL )PHTHALATE 
BUTYL BENZYL PHTHALATE 
CHRY SENE 
01-n-BUTYL PHTHALATE 
01 -n-C€TYL PHTHAACATE 

D I BEYZOFUR AN 
DIETHYL PHTHALATE 
DlMETHYL PHTHALATE 
FLUORANTHENE 
FLWRENE 
HEXACWL6RDBEWZENE 
HEXACHLOROBUTAO IENE 
HEXACHLQRDCYCLOPENTADI ENE 
HEXACHLORDETHANE 
INbENO( 1,2,3-cd)PYRENE 
1 soPHORONE 
W - NITROSO-0 I - n- PROPY LAHl NE 
W -  NITROSOD I PHENYLAMl NE 
WHTHALEIIE 
W1 TRWLNZEYE 
PHENANTHRENE 
PYRENE 

D~BEN~~(~,~;)AWTHRAC~UE 

Total 
E q l e r  

1 
1 
1 
1 
1 
1 
1 
1 
I 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
¶ 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

49 
SPPL=== 

fo?r I 
CRQL Hits 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 

3 
tt.L.===.l 

Mximm 
maL Hit 

uo . 
330 . 
330 . 
330 , 
uo . 
350 . 
330 . 
330 . 

tbM) . 
6 6 0 .  

1600 . 
PO . 
S O  . 
330 . 
160b . 
330 . 
330 . 
330 . 
330 
3 3 0 .  
330 . 
330 . 
330 . 
330 . 
330 . 
330 . 
330 180 J 

330 . 
5% . 
330 90 J 
330 . 
330 . 
no . 
330 a 

330 . 
330 . 
330 . 
3S0 . 
330 . 
330 . 
330 . 
330 . 
330 . 
330 370 JB 

330 . 
330 . 
330 . 

330 4 

=a . 

W H U Y  I T 

UG/KG 

UE/ltc 

UCI KG 

Avernge 
Hit 

. 

. 
* 

. 
, 

180 

90 

s70 

1wIW 

440 u 
m u  
460 u 
460 u 
460 u 
460 u 
46QU 
4-50 u 
2300 U 
920 0 
2300 u 
46OU 
44DU 
4 6 O U  
2300 u 
46OU 
L6Q 0 
460 u 
4 6 0 U  
460 u 
460 u 
W U  
160 u 
M U  
460 U 
46OU 
180 J 
W U  
460 U 
00 J 
160 U 
WU 
460 U 
46OU 
460 U 
WU 
460 U 
46Ou 
460 U 
M U  
460 u 
k s o U  
b60 u 
4 6 b U  
370 JS 
460 u 
4 6 O U  
460 u 
46OU 

- Total 
W n I t  Avrrrge 

UWKE 230 
UWKC 00 
UWKG 230 
UG/KG 230 
UWK6 230 
UWKO 230 
W K G  230 
UUKG 230 
UGfKG 
UG/KG b60 
WKO 1150 
UWKQ 230 
UWKG 230 
UWKG 230 

UWKG 230 
UG/KG 250 
uo/ffi 230 
UC/KG 230 

BO 

&/KG 230 
UG/KG 230 
UG/KO 230 
U y K G  PO 
UGIKC 230 
&/KG 180 
UG/KC 230 
W K G  230 

w 

U G B G  1150 

uG’yo UO/K6 230 

w’uQ W K G  230 
W/KG 230 
W K G  230 
UWKG 230 
UWKE 250 
W K G  UD 
UWKG 230 
UG/W 230 
UG/WG no 
UWKG 230 
UG/KG 230 
UWWG 230 
UUKG U O  
UO/KG 230 
UCntO ST0 
WKG 230 
w/yo 230 
UG/KG 230 
W K G  230 



Loca t i &ED0 13 EEDIHEWT PEST1CIDE/PCE SWMARY & L l  UNITS UCfKG 

1 
2 
5 
4 
5 
6 
7 
6 
0 

10 
11 
12 
13 
14 
15 
16 
17 
I B  
19 
a 
21 
22 
23 
24 

ANALYTE 

4,4'*DDD 
4 ,A' -ODE 
4,4' -DDl 
ALDRIN 
AR6CLbR-1016 
AROCLOR- 1221 
AROCLOR- 1232 
AROCLOR- 1242 
AROCLOR-1248 
AROCLOR- 12% 
AROCLOR-1260 
CHLORDANE 
DIELDR I W 
ENDOSULFAN 1 
ENDOSULFAN I1 
ENDOSULFAN SULFATE 
ENDR I Y 
ENDRIN KETONE 
HEPTACHLOR 
HEPTACHLOR EPOXIDE 
METHOXYCHLOR 
TOXAPHENE 
rlpls4HC 
kta-UHC 
& 1 ta - BHC 
a m -  BHC (LI NOANE ) 

Total 
Swplcs 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

26 
E m X X n Z  

Total 
CROL H i t 8  

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
c=lxxzB:D 

CRPL 

16 
16 
16 
8 

80 
80 
so 
80 
no 
80 
80 
80 
16 
8 

16 
16 
16 
16 
I 
8 

Bo 
160 

8 
8 
8 
8 

Uuimm 
Hit 

b 

. 

. 

I 

. 

. 

MXIW 

J U  
3 u  
3 u  
1.5 u 
15 U 
15 u 
15 u 
15 u 
15 u. 
3 Q U  
30 U 
15 u 
3 u  
1.5 u 
3 u  
3 u  
S U  
3 u  
1.5 U 
1.5 u 
1s u 
M U  

1.5 U 
6.4 U 
1.5 U 
1.5 u 

wun 11 

W K G  
W K G  
W/KG 
UOlKG 
U V K G  
W/KG 
W K G  
UWKG 
UGIKG 
UWKG 
UG/KG 
U V K G  
UWKG 
W K G  
W K G  
W K C  
W K G  
W K G  
UElKG 

UWKG 
UWKG 
UG/KG 
UWKG 
UG/D 

wffi 
UWKO 

Total 
hverclge 

1 ,so 
1.50 
1 .so 
0.75 
7.50 
7.50 
7.50 
7.50 
7.50 

15 .oo 
15.00 

1 s o  
0.75 
1 .SO 
1 ,so 
1.50 
I .50 
0.75 
0.E 
7.50 

I5 .OO 
0.75 
3.20 
0.75 
0.75 

t.50 



SEDIMENT lOTA1 METAL SWMRY ALL WiTS UC/KC a 
OB8 ANALYTE 

f ALWIYW 
2 AWTIWONY 
3 ARSENIC 
4 BARIW 
5 BERYLLIUM 
6 WUiW6 
7 CALCILM 
8 CESIUM 
9 CHROWIUM 

10 CoEALT 
11 COPPER 
12 IRON 
13 LEAD 
14 WUEflUM 
1s N w a ” S E  
16 IERCURY 
17 WLYBOCWUM 
is NICKEL 
19 POTASSIUW 
20 SELENlUII 
a+ ClLWR 
22 WDIW 
23 STROWTIW 

Tots1 
samptes 

1 
1 
1 
1 
4 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

26 
=xxLI.. 

Total 
CRQL Hits 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
I D a ’ F 8 E I :  

CROL 

40000 
lZ000 
oooo 

40000 
1000 
1000 

200aa00 
200000 

2000 
lOOD0 
5000 

20000 
1000 

2000000 
3000 
200 

40000 
8000 

2000000 
loo0 
2000 

2000000 
40000 

2000 
10000 
4000 

nurlnun 
ntt 

* 

8 

. 

. 

I 

. 
* 

Average 
WW“UNT Hit WttUN 

8520 
I .6 
0.23 
91 
0.39 u 
0.59 U 
6930 
6.6 U 
7.6 
4.6 
10 
14500 
11 
reo0 
525 
0.02 u 

9.3 
34 100 
0.22 u 
1.6 
52b 
48 
8.5 
26 
99 

7.8 u 

-Tots[ 
A w r g o  

6520.00 
t .60 
0.23 

91.00 
0.20 
0.20 

6339.00 
3.30 
7.80 
4.60 

10.00 

11 .oo 
1 ~ 0 . 0 0  
325 .OO 

0.01 
J.90 
9.30 

34100 .OO 
0.11 
1.60 

f2l.00 
48.60 
8.50 

215.00 
99.00 

i ~ o a .  00 



Locet iclrSEDOl3 SEOIHEYT TOTAL RAD SUMMARY ALL UNITS PCI/KG 

MIERICIUII-ZLl 
GROSS A L P M  PARTICLE RADIOAC 
f R W  BETA PARTICLE RADIOACT 
FLUTOURN-239 
TRSTILM 
URAWIW, TOTAL 

URANIUI-Pa 
URAY 1 w -233, - 234 

r m i  Total Maxinun Averego 
Samptes CROL Hfto CROL H f t  )IAXHUWIT nit  

1 
1 
1 
1 
1 
1 
1 
1 

ltlllll 

8 

PO 
&OOO 

10000 
30 

lC0OOOO 
0 

300 
300 

30 
3 4 0 0  
22000 
70 

1 .Sb 
930 
630 

PCI/KG s0.w 
PCI/KG 34oQo.00 
PC I /KO 22000.00 
PC I /KG 70.00 

I .M 
PCI/KG 930.00 
PCI/K.G 630.00 

30 
54000 
22000 
70 - 10 
1.56 
930 
650 

MAXUNIT 

PCI/KG 
PCI/KG 
P W K G  , 
PCIKG 
PCI/L 

PCI/KC 
PCIIKO 

' Total 
Avcraoc 

30.00 
360a0,oo 
22000.00 

10.00 
-10.00 

1.56 
930.00 
650.00 



@I ANALYTE 

1 
2 
3 
4 
5 
6 
7 
a 
? 

10 
11 
12 
13 . 
14 
I S  
16 
17 
18 
19 

21 
22 
23 
24 

20 

1 ,I, f-TRICHLOROETWANE 
1,~,2,2*TETRACHLDROETHE 
1,l ,Z-TRICHLORQETHA)(E 
1, lbDICHLORM1HANE 

-DICHLDRMTHE#E 
1,241WLOROETHANE 
1,Z-D ICHLOROETHENE 
1,?-DlCHLORWROPAN€ 
2-UlTAWE 
2-HEWONE 
4 - W L t W L  -2- PENTANWE 
ACCTO)lE 
BENZENE 
BRWlCHCDR,WETHAYE 
BROHOFORM 
BRCY40HEl HAUE 
CARBON D l S U l f I D E  
CARBON TETRACHCORXDE 
CHLORbeENZfUE 
CHLORDETNhNE 
CHLOROFORH 
CHLOROUETME 
D 1 IIRDWCCHLORWETHANE 
CT HY LBENZENE 
METHYLENE CHLORIDE 
STYRENE 
TETRACHLORCETHENE 

28 TOLUEHE 
29 TOTAL XYLENES 
30 TRICHLOROETHEHE 
31 VINYL ACETATE 
32 VINYL CHLORIDE 
33 cir=1,3=DlCHLOROPRClPEIlE 

. 34 trP~*1,5-Dl-DfcHloRWROPWE 

PEDIMENT VOA O U W R Y  

1 
i 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

' 1  
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
t 
1 
1 
1 

34 
======E 

0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
1 
0 
Q 
1 
0 
0 
0 
0 
0 
0 

3 

a 

e=SP.==U 

I 
5 
3 
5 
5 
5 
5 
5 

I O  
10 

19 
5 
5 
5 

10 
5 
5 
5 

10 
5 

l o  
5 
5 
5 
5 
5 
3 
5 
5 

10 
10 
5 
5 

ia 

noxinua 
H f t EUXHUUI T 

. 
2 5  UWKG 

. 

. 

I 

5 5  &/KC . 
f J  UE/KG 

Averopt 
Wit 

T U  
t u  
7 u  
7 u  
t u  
7 u  
7 u  
7 U  
2 J  
14 U 
%& u 
14 u 
t U  
7 u  
T U  
14 U 
T U  
7 u  
7 u  
14 U 

7 u  
14 U 
7 u  
7 0  
5 J  
T U  
7 u  
t J  
7 u  
7 u  
14 u 
14 U 
7 u  
7 u  

Total 
cw(UwI1 Averap 

UEm 1.5 
U W K O  3.5 
WKG 3.5 
WQ 1.5 
UGm 3.5 
M/KG 3.5 
uc/KG 3.5 
UWYO 3.5 
WR 2.0 
UWKP 7.0 
W K G  7.0 
UVKG 7.0 
WKG 3.5 
UG/KG J .I 
UG/KO 3.5 
UWKG 7.0 
UG/Kti 3.5 
W K G  3.5 
WKa 3.5 
W K G  7.0 
W K G  3.5 
M/KG 7.0 
W I G  3.5 
UGIKG 3.5 
UWKG 5.0 
UGIKB 3.5 
UWKO 3.5 
UWKE 1.0 
UG/YG 3.5 
UWKG 3.5 
UWKG 7.0 
UWKO 7.0 
W K G  3.5 
UG/KG 3.5 



1 2,4 ,S-TRI CHLOROPHENOL 
2 2,4,fbTRICHLORDPHEUOL 
3 2,4-DlCHLoROPHEWOL 
4 2,L-DlIKTHYLPHEWOL 
5 2,L-D~YITROQIIEMOL 
6 2-CHLOROPHENOL 
7 24LTHYLPHEWOL 
8 2-NITROPHENOL 
9 .L ,  6 4  I N  I TRD- 2-nE1HY LPHENOL 

10 ~-CHLoRo-3-I3ETHYLPHENOL 
11 4-METH~LPHEUOL 
12 4-NITROPHENoC 
13 BENZOfC ACID 
l b  BENZYL ALCOHOL 
15 PEUTACHLORoPHEUOF 
16 PHENOL 

Total 
S m t c s  

1 
1 
1 
1 
f 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

16 

IO.t.== 

SEDIMENT ACID EXTRACTABLE SWHARY ALL UNITS UGIKG 

Tota 1 
CROL Hits 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
S X P I = I I .  

1600 
330 
350 
330 

1600 
350 
330 
130 

1600 
330 
330 
tab 
1600 
330 

1600 
330 

2300 u 
470 u 
470 u 
470 u 
2300 u 
670 u 
4m u 
4tb u 
2300 u 
470 u 
670 U 
2300 u 
2300 u 
470 u 
2300 u 
470 u 

W K G  
W/KG 
WKG 
U W K G  
WKG 
w/y6 

W K O  
W K G  
UG/KG 
WKG 
WlKO 
WKG 
U W K C  
UG/KG 
U W K G  
UWKG 

Total 
Averriia 

1150 
235 
255 
235 

1150 
235 
235 
23s 

1150 
235 
23s 

l lS0 
1150 

235 
1150 

235 



a s  

1 
2 
3 
1 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
10 
19 
20 
21 
22 

Q 26 

27 
28 
29 
30 
31 
32 
35 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
65 
46 
47 
48 
49 

ANALYTE 

I,Z,  4 - m  CHLOROBENZENE 
1,2-DICHLORDBEWtENE 

1,4-D1CHLOROBEWZENE 
2,d-D IN1 TROTOLUENE 
2,b-Df N I rRUTOLUENE 
2-CHLOROIIAPHTHALEUE 
2- WTHY W H T  HALE WE 
2-YITROANtLINE 
3,3’-D I CHLDROBENZID INE 
3-WITROAWI 1 !NE 
L-BRWOPHEYYL PHENYL ETHER 
4- CHLOROAN I 1 I NE 
4-CHLOROPHCYYL PHENYL EWER 
4-YITRWI L I WE 
ACENAPHI HENE 
ACEWHTHY LENE 
ANTHRACENE 
BENZO(a)AtiTHRACENE 
BEYZo( a)PY REhE 
Bt?NZO(b) FLUORAHT HENE 
BEYZO(gh i )PERVLENE 
BENZO(k)FWORAtdTHEYE 
81 S(Z-CHLORMTHOXY )WETHAYE 
BIS t2-CHLOROETHYL)ITHER 
)IS( 2-CHLOROI SWP0PYL)ETHER 
BlS(2-ETHvLHEXYL)PHTHALATE 
BUTYL BENZYL PHTHALATE 
CHRYSEWE 
Df-n-IUTYC PHTHALATE 
PI-n-DCllt PHTHALATE 
0 I OENZOC I, h )MTH RACE N E 
0 I U€MfOF URAN 
DIETHYL PHTHALATE 
D I E T H Y L  PHTHALATE 
FLUORANTHE WE 
FLUORENE 
UEXACHLQR OBENZENE 
HEXACHlfWBLlTAD I ENE 
HEXACHLORMYCLDPENTADI EWE 
HEXACHLOROETHANE 
INDENO(l,2,3-cd)PYREUE 
ISOPHORONE 
Y-WtTROSO-01-n.PRDPYUII(I NE 
M*WITROSOO I PHENY W I N E  
NAPHTHALENE 
YITRQBEWZEYE 
PHE WANT HRE YE 
PYRENE 

t J-DICHLOROBENZENE 

Tot81 
SonplW 

1 
1 
1 
1 
1 
1 
1 
1 
1 
I 
1 
I 
1 
9 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
3 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

49 
X+JS*L.I 

SEDIIUNT 6ASE WEUTUL EXTRACTABLE S W R Y  ALL UNITS UWYG 

Total  
CRPL Hfts 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
1 
0 
0 
0 
0 
0 
Q 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

2 
..SStrlPI 

liaxism 
CRQL Hit 

330 . 
330 , 
530 + 

330 . 
330 . 
330 , 
330 . 
la . 
6 6 0 .  

no . 
330 . 
330 . 

1600 
330 . 
330 . 
330 
330 . 
330 . 
330 . 
330 . 
330 . 
no . 
130 . 
330 . 
330 130 J 
330 . 
330 .I 

f30 100 JB 
330 . 
330 . 
sso . 
330 . 
330 1 

330 . 
330 . 
330 . 
330 . 
330 . 
-330 . 
330 
330 e 

333 . 
330 
330 . 
330 a 

330 . 
3M . 

u a  . 

imo . 

Average 
HAXHUNIT Hit 

* 

UWKG 130 

UG/KO 100 

* 

* 

e 

. 

WIWH 

470 U 
4m u 
470 u 
470 u 
470 U 
470 U 
470 u 
rim u 
2300 u 
QJO u 
2300 u 
470 U 
470 u 
410 u 
2300 u 
470 u 
470 U 
470 U 
470 U 
470 u 
470 u 
470 U 
in u 
470 U 
470 u 
4to u 
130 J 
470 U 
470 u 
100 JE 
470 U 
470 U 
670 U 
470 U 
470 U 
470 u 
570 U 
470 u 
470 U 
4tb 0 
470 u 
470 u 
47R u 
470 u 
470 u 
k70 u 
470 u 
470 u 
470 u 

W W l T  

UVKG 
UWKG 
UVKO 
IJalUI 
W K G  
UWKP 
UG/KG 
UWKG 
w;/Ko 

UGIYG 
UWKO 
UO/KG 
UWKG 
w/KQ 
UG/KG 
W/KP 
UP/KG 
UG/KG 
UG/KG 
UGIKG 
UWKG 
w/ K(i 
Ut/ Kt 
UG/KC 
UGIKE 
&/KG 
W K G  
uc/ 
W K G  
WfKG 
UVKG 
UG/KG 
U G l K G  
UWKG 
UWCG 
UWKG 
UWKG 
UWKG 
UG/ K6 
UCf KG 
w;/K@ 
UG/W 
UG/KP 
UWKO 
U W  KO 
UWKG 
WKO 
Ua/m 
UWKG 

t0rr1 
Averwe 

235 
235 
235 
235 
235 
235 
p35 

235 
1150 
465 

1150 
235 
235 
us 

1150 
235 
235 
235 
235 
235 
235 
235 
235 
235 
235 
235 
130 
235 
235 
100 
235 
235 
235 
235 
235 
253 
235 
235 
235 
us 
235 
235 
235 
235 
a5 
235 
235 
U S  
235 



Locat fwSED032 SEDlMENl TOTAL RA3 SUMMARY ALL UNITS PEI/WG 

Total total Max tmun Average totai 
L ANMYIE Samptcs CRPL Hits CRQL Hit W H U N I T  nit WIWUM WUWIT Average 

0 PCI/YE 0 



e ANALYTL 

1 
2 
3 
4 
S 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

2,l,%fRI CHLOROPHENOL 
2,4,6-TRlCNLOROPHENOL 
2,4-OSCHLDUOPHENOC 
2,4-DIWETHYLPHENOl 
2,4-DIYITROPHEUOL 
2-CHLOROPHENOL 
%ETHYLPHENOL 
2-M 1 TROPPHENOL 
4,6*DIN I TRO-2-HETHYLPHEWOL 
I-CHl6RO-3-llfTHY LPHENM 
4-METHYLPHENOL 
4-UITROPHEUOL 
BENZOIC ACID 
BENZYL ALCDML 
PEWTACHLOROPHENOL 
PHENOL 

StDlMENT ACID EXTRACTABLE WMFURY ALL UNITS UG/KG 

iotrl Total 
SMples CROL Hits 

1 0 
1 0 
1 0 
1 0 
1 0 
1 0 
1 0 

1 0 
1 0 
1 0 
1 0 
1 0 
1 0 
1 0 
1 0 

16 0 

1 a 

-==E= LXU6l-D. 

CRPL 

1600 
330 
339 
330 

1600 
330 
330 
S30 

1600 
330 
330 

1600 
1600 
330 

1600 
330 

llwimm Average 
nit WWHUUIT H i t  M A X I M  

2900 U 
590 U 
590 u 
590 U 
2900 u 
590 u 
590 IJ 

590 u 
2900 U 
590 U 
590 u 
2900 U 
2900 u 
590 u 
2900 u 
390 u 

WCIXUNIT 

UVKG 
UO/KO 
W Y G  
UWKG 
UGIKG 
w/KQ 
W K G  
W K G  

U V K G  
UG/YG 
*/KG 
W K G  
W/YG 
W K G  
UG/KG 
W K B  

Total 
Average 

1450 
2% 
295 
295 

1L50 
295 
295 
295 

1150 
293 
29s 

1450 
1450 
295 

1450 
295 



Locat i cwSEDO33 

1 
2 
3 
0 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

a 2a 

29 
30 
51 
12 
31 
34 
35 
36 
57 
38 
39 
40 
bl 
42 
13 
44 
45 
&6 
41 
48 
59 

AUALYTE 

1,2,4-TRI QILOROBENZEWE 
1,2-DICHLOROBEYZENE 
l,S-O1CHLIRD8ENZENE 
1,4-DlCHLQOUENZENE 
2,J-DIW I TROTOLUENE 
2,6-D 1MlTROTOLUENE 
2-CHLWONAF"TlWLEUE 
2-MIWTLNAPHTHALENE 
2-Y I TROANI LI WE 
3,3~-DICHLOROBENZIDINE 
3-YlfROANILINE 
~-BRMOPtlEYY 1 PHENYL ETHER 
4-CHLOROANI LINE 
4-CHLOROPHENYL PHENYL ETHER 
4-NlTRoANrLINE 
ACENAPHTHENE 
ACEYAPHTUYLEHE 
ANTHRACENE 
BENZo(a)AWTHRACEWE 
SENZO(a)PYRENE 
OENZO(b)FLUORANTHENE 
BENZOtghi )PERILEWE 
BW2O(kIfLUQRANTHEUE 
BIS( 2-CHLOROETHOXY )METHANE 
B IS t 2-EHLOROET HY L )ET HER 
BIS(2-CHLOROlt6PRDPYL)ETHER 
IIS(Z-ETHYLHEXYL )PHTHALATE 
WUTVL BEY2YL PHTHALATE 
CHRY SENE 
Dt-n-BUTYL PHTHALATE 
DI-n-OCTYl PHTHALATE 
OIBENZO(~,h)ANTHRACENE 
DIBEWZOFURAN 
DIETHYL PHTHALATE 
DlMETHYL PHTHALATE 
f LUQRANTHENE 
FLWENE 
HEXACHLDROBEUZENE 
WEXACHLDROBUTADIENE 
WEXACHLODOCYCLDPENTAD !EWE 
WEXACHLDROETHANE 
IYDEW)(1,2,3-td)PYREIIE 
ISOPHCRONE 
I-NITROSO-Dl -n-PROPYUl4l NE 
W-WITROSMIPHENYLAMI NE 
UAPHTWEWE 
YIfRO8ENZENE 
PHENANTHRENE 
PYRENE 

Total 
6;cwplrs 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

49 
=E===== 

SEDIMEYI BASE NEUTRAL EXTRACTABLE IllclMARY ALL UNITS UG/KG 

Total )leximm 
CRQL Hitr CRCIL nit 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

2 
L===P1511 

330 . 
330 . 
530 . 
330 . 
330 . 
330 . 
so . 
330 . 

1600 . 
6 6 0 .  

1600 . 
530 
no . 
330 . 

lboo . 
330 . 
330 . 
330 . 
330 . 
330 . 
330 . 
530 . 
530 . 
330 . 
330 . 
330 . 
530 . 
330 250 JB 
330 
330 . 
330 . 
330 . 
330 . 
330 . 
330 . 
330 . 
330 . 
no . 
330 * 

330 
330 . 
330 . 
330 . 
330 .. 
330 . 
330 
330 . 

3311 . 

no a7 J 

Average 
WHUNIY Hit 

0 

. 
* 
0 

* 

. 
a 

. 

UG/KE a7 

UWKO 250 

. 

. 

H A X l m m  

SW u 
590 u 
5w u 
590 u 
590 u 
sw u 
590 U 
590 U 

2900 U 
1200 u 
2900 u 
590 U 

5w u 
590 u 
ZpoOU 
590 u 
590 U 
590 u 
590 u 
590 U 
590 U 
590 u 
590 U 
590 U 
590 U 
590 U 

590 U 
590 u 
250 JB 
590 u 
590 u 
590 u 
590 U 
590 U 

590 U 
590 U 
590 U 
590 U 
590 U 

590 U 
590 U 

590 u 
590 u 
590 u 
590 u 
590 u 
590 u 
590 U 

ar J 

WN!Y 

W K G  
W K G  
M/KG 
W/KG 
W K G  
UI/KO 
W/KO 
W/KO 
W K G  
W/KG 
&/KG 
W K G  
WKG 
W K G  
W/KG 
&/KG 
W K G  
Oc/KO 
#/KG 
W/KG 
W K G  
UC/KG 
W/KG 
U/KG 
W K G  
M/KG 
UG/ KG 
W K G  
W K O  
M/KG 
UG/KG 

WKG 
UG/KC 
UG/KG 
UWKG 
UG/KE 
UG/KG 
U W K G  
UWKG 
UWKG 
UG/KG 
UG/ KG 

W K G  
W K G  
WKG 
W K O  
WKQ 
UWKG 

UG/KE 

lotel 
Average 

295 
295 
295 
295 
295 
295 
2% 
295 

1450 
600 

1450 
295 
295 
295 

1450 
295 
295 
295 
295 
295 
295 
25 
295 
2% 
2% 
295 
87 

295 
295 
250 
295 
295 
295 
295 
295 
295 
295 
295 
2% 
295 
295 
295 
295 
295 
295 
295 
295 
295 
29!1 



k a t  i0rrSED033 8EDIWWT TOTAL RAD WnMAARY ALL UNITS CCI/KO 

Tota l  Total clrxirrmn Averege lotal 
AYALYTE swples fRaL Hits cRai Hit W H U N I T  Hit  WXIW MXUNST Average 

0 PCl/KG a 



1 
2 
3 
4 
5 
6 
t 
a 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

1,1 ,~-TR!CHLOROETHANE 
1,1,2,2-TETRACXLOROETHANE 
1,1,2-TRICHLORil€THANE 
1,I-DICHLOROETHANE ’ 

1 ,P-D ICHLOROETHANE 
t ,2-DICHLOROETHEWE 
~,2-DICHLDROPROPAIIE 
2- BUTAN WE 
2-HEXANbnE 

‘4.WTHYL-2-PENTANWE 
ACETONE 
BENZENE 
BROWOD ICHLORWETHANE 
BRWOFORR 
BRMETHAUIIE 
CARBON DISULFIDE 
CARMU TETRACHLORIDE 
CHLOROBENZENE 
CHLORCETHANE 
CHLDROFOClM 
CHLORWElHANE 
OIIROnOCHLOROHETHAHE 
ETHYLBENZENE 
WETHYLEHE CHLORIDE 

1, ~-DICHLOROETHEHE 

STYRENE 
TEIRACXLORMTHENE a TOLUENE 

29 TOTAL XYLENES 
30 TRICHLOROETHENE 
31 VINYL ACETATE 
32 VJYYL CHLORIDE 
33 Cl8-1,3-DICHLMloPRWENE 
36 tPln8.1,3-DICHLOROPROEWE 

total 
Lamplea 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
5 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
5 
5 
3 
3 
3 
3 
3 
3 
3 
3 
3 
5 
3 

102 

*--- ---==E 

SEDIHEWT VOA W W R Y  

Total 
U O L  Hits CRRL 

0 S 
0 5 
0 5 
a 5 
0 5 
0 5 
0 5 
0 5 
1 10 
0 10 
0 10 
1 10 
0 5 
0 . 5  
0 S 
0 10 
1 5 
0 5 
0 5 
D 10 
0 5 
0 10 
0 5 
0 5 
3 5 
a 5 
0 5 
0 5 
0 5 
0 5 

0 10 
a 5 
0 5 

6 

0 io 

+PI .SD le  

Haxinun 
Hit WXHUNIT 

. 

. 
1 JB UC/KG 

3 BJ UG/KG 

. 
1 J  UWKG 

7 B  UC/KG 

hverant 
Hf t WXlW 

6 U  
6 U  
6 U  
6 U  
6 U  
6 U  
6 U  
6 U  

1.000 12 u 
12 u 
12 u 

3.000 11 u 
6 U  . 6 U  
6 U  
12 u 

1.000 6 U 
6 U  
6 U  

t 12 u 
6 U  
12 u 
6 U  
6 U  

5.661 7 B 
4 U  
6 U  
6 U  
6 U  
6 U  
12 u 
12 u . 6 U  
6 U  

MAXUNIT 

W/KG 
WKG 
W K G  
W K G  
W/KG 
W K O  
UClKQ 
UWKa 
W Y G  
UWKG 
W K G  
UG/KG 
wm 
Ufi/KG 
W K G  
UGIKG 
UG/KG 
UWKG 
UWKG 
UG/YG 
UC/KG 
UG/KG 
UWKG 
ffi/KC 
UG/KG 
WKO 
UWKG 
UGJKG 
W/KG 
uvwa 
UU/KG 
UG/LG 
UG/WG 

UWKG 

Total 
Average 

2.833 
2 .a33 
2.833 
2.833 
2.633 
2.633 
2 . m  
2.633 
1.167 
5.667 
5.667 
6.667 
2.833 
2.833 
2.833 
5.667 
2.167 
2.633 
2.833 
5.667 
2.835 
5.667 
2.833 
2.833 
5.667 
2.033 
2.835 
2.833 
2.833 
2,833 
5.667 
5.667 
2.035 
2.833 



1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

ANALYTE 

2,1,5-TRICHLQROPHEYOL 
2,4,&-1R 1 CHLOROPHENOL 
2,4-D 1 CHLOROPHENOL 
2,4-DIIIETHYLPHEYOL 
2.4-Dt YITROPHEUOL 
2-CHLOROPHENOL 
2-METHYLPHEWOL 
2-NITROPHENOL 
4,6.DIWI TRO-2-METHY LPHEWOL 
4- CHLOAO-3-HET HY LPHENOL 
4*METHYLPHEWOL 
4-Y 1 TRWHENDL 
BEWZOlC AClB 
BENZYL ALCOHOL 
PENTACWLOROPWUIDL 
PHEYOL 

Tetal 
Sorrpl CI 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

32 
==sarr 

SEOX~ENT ACID EXTRACTABLE SlMlUlRY 

Total 
CRQL Hit8 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
.Ll===PII 

CRPL 

1600 
330 
330 
330 

330 
330 
330 

I600 
330 
330 

1600 
1600 
530 

1600 
330 

1600 

All UNITS UC/KG 

Average 
MXHUUIT Hit W1M 

so0 u 
710 u 
710 U 
710 U 

3400 U 
710 U 
710 U 
710 U 
woo u 
710 U 
no u 
5400 u 
3400 u 
7lQ U 
%a0 u 
710 U 

W U M l t  

UQjKO 
UGjKG 
UO/ffi 
UCjKG 
WKG 
UP/KG 
WKG 
w/m 
&/KO 
UOIKG 
u;/m 
WKO 
W K G  
W K G  
UWKG 
UG/KG 

Total 
Awrbge 

1350.0 
277.5 

277.5 
1350 .O 
2n.5 
277.5 
277.5 

1350.0 
m.5 
277.5 

1350.0 
1350.0 
277.5 

1350.0 
277.5 

277.5 



LOCat ian=SED035 SEDIMENT EASE NEUTRAL EXTRACTABLE W R Y  ALL UNITS UG/UG 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
I 2  
13 
1b 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

28 
29 
30 
31 
32 
a 

. u  
If  
36 
37 
38 
39 
40 
41 
42 
43 
44 
15 
46 
17 
4n 
49 

WALWE 

1,2,4-TRICHLoROEEWZENE 
lrZ-DICHLOIOBEYZENE 
1,3-DI CHLOROBENZENE 
1,4-DI CHLOROBENZENE 
2,4-0 I NITROTOLUENE 
2.6-Di W ITROTOLUENE 
2-CHLDRCUAPWIHALENE 
2-WETHYWPHTWNE 
2-N ITROAN 1 LINE 
f,f'-DICHLOROBBCYZIDIRE 
3 * N ~ T R W I l  INC 
bBR#IOPHEWYL PHENYL ETHER 
6-EHLOROAWIlINf 
4-CIILOROPHEWYL PHENYL ETHER 
4-NITR MN I LZNE 
lCENAPHTHEYE 
&CWHTr(Y LENE 
UJlHMONE 
DEWZOf a)ANTHRACEWE 
BENZO(r)PYRENf 
BENZO(b)fLUoRANTtiENE 
BENZO(ph i )PEIYLENE 
)EMLO( k) f LUoRAWTNENf 
klS(2-CHLORMTHOXY )MElIUNE 
81SC2-CHLOROElHYL)ETHER 
~IE(2-CHLOROIsDPROPYLlFIHER 
BIS(2-ETHYLHEXYLIPHTHALATE 
BUTYL BENZYL PHTHALATE 
CWY SENE 
PI-n-BUTYL PHTHALATE 
Dl-n-bCtYL PHTHALATE 
DIBERIO( 8, h)ANTHRACEHE 
DIEENZOFURAN 
DIETHYL PHTHALATE 
01 #THY 1 PHT HAILATE 
fU"1HENE 
FLUORENE 
EXACHLOROBENZEIIE 
REXACHLORbBUTAo I ENE 
~XACHLOROCYCLOPENtAD IENE 
HEXACl4LORDETHAWE 
INDENOC 1,2,3*td)PYRENE 
IWHMLONE 
I-NITROSO-DI-n-PROPYUHINE 
N- N I TROSOD I PHEYYLAMI NE 
WW,PHTHCILEM€ 
NITROBENZENE 
PHENANTHRENE 
PYRWE 

TOt6l 
Swnpl es 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
1 
1 
1 
1 
2 
2 
2 
1 
2 
1 
2 
1 
1 
2 
2 
2 
2 
2 
2 
2 
2 
2 
1 
2 
2 
2 
2 
2 
2 
2 

69 
EC=S!RES 

totrl 
CRPL Hits 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
4 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

2 
====*R==. 

CRPL 

330 
sf0 
330 
BO 
330 
330 
330 
330 

1600 
660 

1600 
330 
330 
330 

1600 
350 
330 
330 
330 
330 
S30 
330 
330 
330 
330 
330 
330 
330 
330 
336 
330 
530 
330 
330 
330 
330 
SI0 
330 
330 
330 
330 
330 
330 
sso 
330 
330 
330 
330 
330 

u 

. 
b 

. 
* 

. 

* 

UG/KG 47 

UG/KG 79 

* 

. 

. 

WCXtlAM 

710 u 
710 U 
710 u 
710 U 
710 U 

710 u 
710 U 
710 u 
3400 u 
1400 U 
?Loo u 
710 U 
no u 
no u 
3k00 U 
no u 
710 U 

710 U 
400 U 

400 u 
400 U 
400 u 
710 U 
710 U 
710 U 
47 J 

710 U 
400 U 
400 U 

400 U 
400 U 
710 U 
710 U 
710 U 
710 U 
710 U 
710 U 
710 U 
710 U 
710 u 
400 u 
710 U 
710 U 
710 U 

710 U 
710 U 
710 U 
710 U 

710 u 

WXUNlt 

Ut/KG 
UYKG 
Uo/m 
u r n 5  
UVKB 
UG/KG 
UWKD 
W G  
U G K G  
W K G  
UG/KE 
UWKd 
W/KG 
UWKG 
UG/KE 
UWKG 
UWYC 
W K G  
%/KG 
UWKG 
UC/KG 
UG/Kti 
UWKG 
U W K O  
uG/KG 
UC/G 
W Y G  
W/KG 
W K G  
W K G  
*/KG 
W K G  
UC/KG 
UWYO 
U W K G  
U W C  
W K G  
UE/KG 
UG/KE 
W K G  
UG/KG 
UWKO 
M/KC 
UP/ffi 
WyO 

UWKG 
UWKC 
uo/m 
UG/KG 

total 
Averene 

2r.5 
277.5 
277.5 
277.5 
277.5 
277.5 
277.5 
271.5 
1350.0 
552.5 
1350.0 
277.5 
27.5  
277.5 

1350.0 
217.5 
277.5 
277.5 
277.5 
200 .a 
200.0 
200.0 
206.0 
277.5 
277.5 
277.5 
47.0 

277.5 
ZOO. 0 
139.5 
200.0 
200.0 
277.5 
277.5 
277.5 
277.5 
277.5 
277.5 
277.5 
277.5 
277.5 
200.0 
277.5 
277.4 
277.5 
217.5 
277.5 
277,5 
2T1.5 



SEDIMENT PESTfC!bE/PCB WWIURY A L L  UUITS UWKG 

1 
2 
3 
4 
I 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

4,4 ' -DDD 
4,bs-DDE 
4,6I=DDT 
KDRfW 
AROCLon-1016 
ARocLoR.1221 
AROCLOR-1232 
uIOCLW* 1242 
AROCLDR*1248 
AROCLOR- 1254 
AROCLOR-1260 
D I E l O R l Y  
ENDOSULFAN 1 
ENDONLFAU 11 
EUDOSULFAN SULFATE 

ENDRIN KETONE 
HEPTACHLOR 
HWTACHLOR EPOXIDE 
WRHOXYCHLOR 
TOXAPHENE 
alpha -BHC 
rtphr-CHLORDAhE 
k t a - B H C  

END~IY 

de(t&-EHC 
~ I ~ W - B H C  (LINDANE) 
g m - C H L O R D A N E  

Total 
s m l e s  

2 
2 
2 
2 
2 
2 
t 
2 
2 
2 
0 
2 
z 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

56 
LI+:e:s 

total Uax imn Averape 
CRQL Hit6 CRPL Hit  WXHUIIT HIt MXl" 

0 16 
0 16 
0 16 

0 80 
0 80 
0 80 . 
0 80 
0 80 
0 Bo 
0 80 
0 14 
0 I . 
0 16 
0 16 
0 16 
0 16 . 
0 8 
0 8 
0 80 
0 160 
0 8 
0 80 
0 I 
0 8 
0 8 
0 80 

0 

0 a 

..i==l..= 

34u 
34U  
% U  
17 U 
170 u 
170 u 
170 u 
It0  u 
170 u 
340 u 
340 U 
34U 
17 U 
34 u 
W U  
34U 
3 4 U  
17 U 
17 u 
170 U 
310 U 
I 7  u 

17 u 
17 U 
17 U 
170 u 

iro u 

m/ua 93.5 
UWKG 13.5 
WKG l f . 5  
UWKO 6.7 
U W K G  67.0 
w m  67.0 
UWKC 67.0 

W K G  67.0 

UC/KG 135.0 
W K G  13.5 
UG/tG 6.7 
W K G  US 
W/ KG 13.5 
W K G  15.5 
W K O  13.5 
UGlKG 6.7 
UGlKG 6.7 
UC/KG 67.0 
UG/ KG 135.0 
L W K G  6.7 
W K G  67.0 

UCIKO 6.1 
UG/KG 6.7 
wffi 67.0 

UG/KG 67.0 

UWKG 155,O 

UWKG 6.7 



Locnt lwsEb035 

1 
2 
3 

5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 

ALUltNUM 
ANTIMONY 
ARSENIC 
WIUH 
BERYLLIUn 
EADMl UU 
WLClUH 

CHRWIUCl 
W A L T  
COPPER 

LEAD 
LITHIUM 
MAGNESIUM 
MAY WINES€ 
MERCURY 
WOLYBDENUCI 
UICMEL 
WTAStlUI 
SELEN I W 
SILVER 

STRWNT IVI 
THALLlUU 
TIN 

ccsrun 

inow 

smiw 

27 VANADIUM 
28 ZINC 

total 
samples 

3 
3 
3 
3 
3 
3 
3 
2 
3 
3 
3 
3 
3 
3 
3 
3 
S 
3 
3 
3 
3 
S 
3 
3 
3 
3 
3 
3 

83 
.=S=PS= 

Tote 1 
CRCIL HItt 

1 
0 
1 
i 

0 
1 
0 
1 
1 
1 
1 
1 
0 
0 
t 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
1 
I 

t3 

a 

B X R Y I I I E  

SEDIMENT l O T A t  METAL &WARY ALL UNlTE UG/KG 

cRaL 

40000 
12000 
2000 

40000 
1040 
I000 

2000000 
200000 

ZOO0 
10000 
5000 

WQOO 
1000 

20000 
20w000 

3000 
200 

boo00 
8000 

2000000 
too0 
2000 

2000000 
40000 

2000 
40000 
10000 
4090 

Mrxfmn 
H f t  

6600000 

6200 
86900 . 
34sQooo 

6100 
lop00 
14100 
33300000 
18900 

4 b m o  

f4700 

. 

. 
45100 
59500 

LUXtUNlT 

UG/KG 

UWKP 
UWKG 

UO/KG 

UO/KO 
UC/KG 
UWKG 
UWKG 
UC/KG 

UWKG 

UlVKG 

U W K G  
W K G  

Average 
nit 

6600000 

6200 
86900 

. 
34SooOD 

61 00 
10900 
14100 

33300000 
18900 

e 

. 
465000 

14700 . 

L 

151 00 
59500 

WXIWUH 

MOOWO 
12200 u 
6200 
86900 
1000 u 
1000 u 
3650000 
#13000 u 
61 00 
10900 
14100 
33309000 
18900 
20300 u 
1600000 
465000 
91 U 
20300 U 
14700 
1020060 u 
1000 u 
zoo0 u 

PO3000 U 
2100 u 
20300 U 
451 00 
59500 

1020000 u 

W U N I T  

W K G  
UYKG 
UG/KG 
WKG 
UWKG 
uwffi 
UWKG 
UP/KG 
UWM 
UO/YO 
W K G  
UG/KC 
UWKC 
UGIYG 
UWKG 
UG/KG 
UG/KG 
UC/JCG 

UG/KG 
W/KG 
UOIKG 
W U G  
UG/KO 
UWKC 
UG/KG 
&/KG 
UG/KG 
UWKG 

total 
Averrue 

2207646.67 

2069.33 
29050.00 

167.93 

50751.20 
2042.13 
36b1.07 
47lS.Lt 

1) 1 t 1000,OO 
6314.07 
3385.92 

535223.35 
155156.67 

15.20 
3385.18 
4911 -37 

171 100 .OO 
166 .a 
334.48 

170062.67 
u866.s 

350.18 
1394.28 

15054 .OO 
19875.80 

2057.70 

167ai12 

1155915~33 



Locet iantlSED035 SED1MNT TOTAL RAD W m A R Y  ALL UNITS P C l E G  

Total total Maximun Average Total a AllALYrC Semptes CRPl Mite CRQL H i t  WHUW 11 Hit M x r m  l ~ ~ l l l n  Averme 

1 KtlU4*157 1 1 I 0 0  200 PCI /KG 200 200 P W K G  200 
L.IL=C8 .PII.mIL 

1 1 



SEDIMENT VOA #RWARY A L I  UNITS UG/KG 

ANALYTE 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21. 
22 
23 
21 

1,1 ,~-TRICHLOR#THANE 
1,1,Z,2-TETRACHLoROETMNE 
1,1.2-TRICILOROETHAHE 
1,1 -Of CHLOROETHANE 
~,~-DICHLOROElHEIIE 

1 ,2-DICHLOR#THENE 
1,2-DICHLOROPRWPWE 
2-WTANONE 

'2-HEXANONE 
4-METNYL-Z-PENTANONE 
ACnWE 
BCNZEYE 
BROnWl CHlCRMETHARE 
BRWDFORM 
ORWWPTHANE 
CARBON PIWLflDE 

CHLORdBENZEWE 
CHLDRMTHANE 
CHlOROf ORM 
CLORMETHANE 
bI6llOMOCHlbRonETHANE 
I T H Y t B E N Z E ~ E  

1 ,z-OICHLOROETHANE 

maw TETRACHLORIDE 

METHYLENE CHLORfDE 
STYRENE @ TETRACHLOR3ETHENE 

28 I'OLUENE 
29 TOTAL XYLENES 
80 TRICHLDROETHENE 
51 VfYYL ACETATE . 
32 VINYL CHCORlDE 
33 C~S-~,~=D~CHLOROPROPENE 

trrhs-1,3-PICHLOROPROPEHE 

Total  
Gamplcs 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

ISSaCt.  

lotrl 
CRQL Hits 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
2 
0 
0 
0 
0 
0 
0 
0 
0 

a 

a 
SPISSPLCC 

68 3 

CRRL 

5 
5 
5 
5 
5 
5 
5 
5 

10 
10 
10 
10 
5 
5 
5 

10 
5 
s 
5 
10 
5 

10 
5 
5 
5 
5 
5 
5 
5 
5 

10 
I O  

5 
5 

M6UlrauA 
Hit 

b 

? J  

. 

* 

l J  
L 

' .  

. 

Average 
MXHUHIT Hit 

UC/KO 7.0 

UCKG 3.5 

wrwn 

6 U  
6 U  
6 U  
6 U  
6 U  
6 U  
6 U  
6 U  
12 u 
12 u 
I2  u 
1 1  u 
6 U  
6 U  
6 U  
12 u 
6 U  
6 U  
6 U  
12 u 
6 U  
12 u 
6 U  
4 U  
4 J  
6 U  
6 U  
6 U  
6 U  
6 U  
12 u 
12 u 
6 U  
6U 

lvXuNl1 

UG/KG 
UGlKG 
UG/KG 
U / Y G  
&/KG 
W/KG 
W K O  
UG/ KO 
UWtiG 
UC/KG 
Wlto 
UWKG 
uoI#i 
WKG 
UE/KG 
UG/YG 
UWKO 
W K O  
U W K G  
U W K G  
UGKG 
UGIKG 
UWKG 
W K C  
UG/KG 
UWKG 
UWKE 
UWK6 
WE4 
UWKG 
WKG 
UG/KG 
UG/KE 
W K G  

Total 
Averwe 

2.75 
2.75 
2.15 
2.75 
2.75 
2.75 
2.75 
2.75 
5.15 
5.75 
5 . 5  
6.25 
2.75 
2.75 
2.75 
5.75 
2.E 
2.75 
2.75 
6.75 
2.75 
5.75 
2.75 
2.75 
3.30 
2.75 
2.75 
2.B 
2.75 
2 .n 
5.75 
5 *E 
2.A 
2.75 



SEDIMENT ACtb EXTRACTABLE SUHMARY ALL UNITS UWKG 

--- 

I 
2 
3 
4 
S 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

AUALYTE 

Z,L,5-TRlCHLORW"E#OL 
2,4,6- TRICHLOROPHEUOL 
2,441 1 CHLOROPHENOL 
2,4-DIWETHYLPHENOL 
2,&-DIWITROPHEYOL 
2-CHLOkaPHLYOL 
2-METHYLPHENUl 
Z W T R W H E N O L  
4,6-D1NITRO~2-blETHY LPHLUOL 
4-CHLCY1O-J~)lttHYlPHENOL 
WIETHY LPHEHOL 
4-M I TROPHENOL 
&uzoIc Acto 
BENZYL ALCOHOL 
PEWTACHLORWHENOL 
PHENOL 

Total  
t-1 rs 

2 
2 
2 
2 
2 
2 
z 
2 
2 
2 
2 
2 
2 
2 
2 
2 

32 
=r.m. 

Total  
CRQL Hito  

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 

1 
c=C=====. 

CRQL 

1690 
330 
330 
330 

1600 
330 
330 
330 

1600 
UO 
330 

1600 
1600 
550 

1600 
UO 

WlXIaUn 
H i t  

44 J 

Averoac 
W H U N I T  Hit 

. 

* 

. 
UG/KP 44 

IU)(IWU 

1900 U 
380 U 
3 M U  
M U  
1900 U 
WU 
380 u 
38OU 
1900 u 
389U 
380 u 
1900 u 

380 u 
1900 u 
5soU 

ima u 

w/yc 925 
UG/G 185 
UC/KG I85 
M K G  185 
WIKG 925 
W/KC 1BS 
UWKG 185 
UWKG 165 
W K G  92s 
Uof KO 18s 
W K G  18J 
W K G  925 
UG/KG 472 
U W K G  10s 
W/KQ 92s 
W/KG 385 



Locat i0n=SEP036 LDIMENT BASE NEUTRAL EXTRACTABLE SUMMARY ALL UNITS U W K E  

1 
2 
3 
4 
5 
4 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
26 
25 

B 29 

SO 
31 
32 
33 
J4 
35 
M 
37 
58 
39 
40 
41 
42 
43 
44 
U 
46 
4? 
40 
49 

W L Y  TE 

1 ,z,4-TRI CMLOROBENZEYE 
1,2-01 CHLORDBEWZENE 
1 ,~~~CHLORDBENZENE 
184-0 ICHLUROBENZENE 
2,4-DIWIlRDTOLUENE 
2,6-0 I WITROTOl.lEYE 
2- CHLORONAPH'I HALENC 
2-BTHY LMPYTMLENE 
241 TROANI L I NE 

3-NITROANILI NE 
4-BRowoPHENYL PHENYL ETHER 
4-CHLMoAlr I L IN€ 
4-CHLOROPHENYL PHENYL ETHER 
4-llTROM1 L IWE 

ACEWHTHENE 
ACENAPHTHYLENE 
ANTHRACENE 
BEUZO(a)AMTHRACENE 
BEN=( II )PYRENE 
BENZO(b)FluOnANTHENE 
WWZO(ghi WERYLEUE 
BENZO( k)f LOon ANTHE WE 
Bl S( 2-CHLOROETHQXY )WT HANE 

BlS(2~CHLOROlCOPRDPYL)ETHER 
BlS(~-ETHYLHEXYL)PHTHALATE 
BUTYL BENZYL PHTHALATZ 
CHRYSENE 
01-n-BUTYL PHTHALATE 
DI-n-OCTYL PHTHAALATE 
DlBEYP[Xa, h )ANTHRACENE 
DIBEWZOFUIW 

DIWETHYL PHTHALATE 
FUYIRAUIHEWE 
f LUbRENE 
HEXACHLOROBENZENE 
HEXACHL#(OBUTAD I €NE 
#EXACHLORaCYCLOPENTMI€NE 
HEXACHLQOETHAME 
!NDENO( 1,2,3*cd)PYREWE 
ISOPHOROWE 
N- NITROSO-DI =&PROPI Unl NE 
I- W I TROSmI PHEWY LAM1 NE 
NAPHTHALENE 
IITROBENZENE 
PHENANTHRENE 
PYRENE 

3 , 3 ' - ~  ICHLOROBENZ 101 NE 

~~~(Z-CHL~ROET~YL~ETHER 

m r n r i  PHTHALATE 

Total  
Sampies 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
z 
2 
2 
2 
2 
2 
2 
2 
2 
2 
i? 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

98 
WLtICII 

lot31 
CRQL Hits 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
0 
0 
1 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

3 
.sn=L..l=- 

CRQL 

330 
330 
330 
330 
330 
330 
330 
330 

1600 
660 

1600 
330 
330 
330 

1600 
330 
330 
no 
330 
330 
330 
330 

330 
330 
330 
330 
330 
330 
330 
330 
330 
330 
33 0 
330 
330 

530 
330 
330 
330 
330 
330 
330 
330 
330 
3M 
330 
330 
330 

%a 

WWiaUn 

Hit 

. 

. 

. 

. 

6 4 J  

75' JE 

Average 
WAXHUNlT . Hit 

* 

UC/KG 51 

UG/KG 19 

HAXI" 

U l O U  
380 U 
58oU 
300 0 

3M)U 
MO u 
380 U 
UKlU 
1900 U 
760 u 
I900 u 
380 U 
3 8 O U  
300 u 
lwo u 
380 u 
W U  
380 u 
389 u 
38OU 
380 u 
WIOU 
380 U 
3 B O U  
380 u 
Y M U  
6 4 5  
380 u 
58oU 

S O U  
U I O  u 
380 U 
580 u 

3M)U 
380 U 
380 u 
WU 
380 u 
ULOU 
380 u 
3 8 O U  
380 u 
380 u 
3ao u 
380 u 
S O U  
300 u 

380 u 

380 u 

WAXUNIT 

UG/KG 
UG/ UC 
W/KG 
WKe 
&/KG 
UWKG 
UG/KO 
UG/KG 
UUrO 
w m  
ua/m 
UWKC 
UG/KG 
UWKG 
W K C  
UWKG 
UWKG 
UG/YG 
WAG 
UWKO 
W K 4  
UG/KB 
UG/KG 
WKG 
UG/KG * 

WKC 
UWKG 
WKC 
UC/KG 
UWKG 
UG/KG 
UWYC 
W K G  
UolKG 
M/KG 
UG/KG 
UC/KG 
W K G  
UG/ KO 

&/KG 
wm 
UG/KQ 
UGlKa 
UG/KG 
W K G  
UWKG 
wffi 
UG/KG 
UWKG 

Total 
AveragI 

~ 5 . 5  
185.0 
185.0 
185.0 
185.0 
185.0 
185.0 
185.0 
925.0 
367.5 
925.0 
185.0 
1b.0 
185.0 
925.0 
185 .o 
185.0 

lw.o 
185.0 
185.0 
185 .O 
105 .O 
1m.0 
165.0 
185.0 
31 .o 

185.0 
185.0 
134.5 
185.0 
le .o 
185.0 
185 .o 
185.0 
185.0 
185.0 
185.0 
185.0 

'185.0 
185.0 
185.0 
185.0 
185.0 
185.0 
185.0 
185.0 
185.0 

185 .a 

1a5.0 



i 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
31 
19 
20 
21 
22 
23 

M L Y f t  

4,4'-DDD 
4,L*-DDE 
4,4*-DDT 
ALDRIN 
MOCLOR- IO16 
ARKLOR. 1221 
MocLoR-1u2 
MoCLOI1*1242 
AROCLOR- 1260 
MOCLOR- 12% 
ARMLOR-1260 
DIELDRIN 
EWWSUCFAN 1 
ENDOSULFAN 11 
EUOoWLfAN SULFATE 
ENDRIN 
ENDRIN KETONE 
HEPTACHLOR 
HEPTACHLOR EWXIDE 
METHOXYCHLOR 
TOXAPHENE 
4lph8-8HC 

etpha-CHlwANE 
brta-EnC 
dd ta-BHC 
B ~ m l - B t l C  (LTNbANI!) 
#~Ru~-CHLW~DAUE 

Total 
lamples 

1 
1 
I 
1 
1 
1 
t 
1 
1 
1 
I 
1 
1 
1 
1 
1 
1 
1 
1 
I 
1 
1 
1 
1 
1 
1 
1 

27 
===*a:. 

SEDIHENT PESTlClDE/PCB W R I '  ALL UNITS UWKC 

Total 
CRQL Hit8 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
t 
0 
0 
0 

1 
X.===EOL 

CROL 

16 
16 
16 
8 

80 
80 
80 
80 
00 
80 
60 
16 
8 

16 
16 
16 
16 
8 
8 
M) 

160 
8 

80 
8 
8 
8 

80 

nutimrrr 
n i t  

. 

. 

. 
11 xz 

Averagi 
MXHW I I Hft 

. 
I 

UG/KG 11 

WlllUM 

19 U 
19 U 
19 U 
9.3 u 
9 3 U  
93 u 
9 3 U  
93U 
93 u 
190 U 
190 u 
19 U 

9.3 u 
19 U 
19 U 
19 u 
19 U 
9.3 u 
9.3 u 
93U 
190 u 
9.3 u 
9 3 U  
11 xz 
9.1 u 
9.3 u 
93 u 

Total 
Anrap! 

9.50 
9.50 
9.50 
4.65 

46.50 
46.50 
46.50 
U . 5 0  
46.50 
95.00 
B.00 
9.50 
4.65 
9.50 
9.50 
9.50 
9.50 
4.65 
4.65 

M.50 
95.00 
4.65 

16.50 
11 .oo 
4.65 
4.65 

46.50 



tocat lmSEDO36 

@S A W Y T E  

1 ALWlKUM 
2 ANTIHOW1 
3 ARSENIC 
4 M R I l H  
5 BERYLLIUM 
6 UDMlUn 
7 ULCIUl  
8 QSlul  
9 CHROIIIUM 

10 COBALT 
11 COPPER 
12 1RW 
13 LEllb 
l& LITHIW 
15 YIWESIW 
16 UANGLYESE 
17 NERWRY 
18 HOLYBDENUM 
19 NICKEL 
20 POTASSIUM 
21 SELENIUM 
22 SILVER 
n Soolun 
24 STRONTIW 

28 zinc 

Total 
Saq lcs  

2 
2 
2 
2 
2 
2 
2 
1 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

55 

------- ------- 

rota1 
CRPL Hits 

1 
0 
1 
1 
0 
0 
1 
0 
1 
0 
1 
1 
1 
0 
0 
1 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
1 
1 

12 

P D m = I x  

PEDIMENT TOTAL NETAL S l M A R Y  ALL UNlTS UWKG 

M a x i m  Average ' 

CRPL Hit WHIN I T  Hit I(AxIMJI( 

LODOO 
12000 
2000 

40000 
1000 
1000 

200000(1 
200000 

2000 
10000 
5000 

20000 
1000 

20000 
2OWOOO 

3000 
200 

40000 
8000 

2000000 
1000 
2000 

2900000 
40900 
2000 

40000 
10000 
4000 

5510000 

f?D0 
90100 

42L0000 

4500 

8200 
11 000000 
13500 

294000 

9400 

. 

24400 
56200 

UWKG 

UO/UG 
UEACii 

UG/KG 

UWKG 
UWKe 
UWKG 

UG/KG 

W K G  

5510000 

3190 
99400 

. 
4240000 

4500 

a00 
11000000 

13500 

m o o  

9400 ' .  

24400 
36200 

55 10000 
12800 u 
5700 
woo 
1'100 u 
1100 u 
4240000 
213000 U 
4500 
10700 U 
8200 
110000D0 
13500 
21300 U 
1300000 
29LOOO 
9 3 U  
21300 U 
9400 
1070000 U 
1000 u 
2100 u 
9070000 U 
213000 U 
2100 u 
21300 U 
24400 
36200 

W N I T  

UWW 
UC/KG 
wa 
Wffi 
W K G  
UWCG 
Ut/ KG 
w/n 
UWKC 
UG/ KG 
UO/KG 

W/KG 
UCKG 
W K G  
UVKG 
U W K G  
UGjKG 
UWKO 
UWKG 
UG/KG 
UWKG 
UG/KC 
UG/KG 
W K G  
UGjKG 
UG/KG 
UG/KG 
UWKG 

Total 
Average 

2759270.00 
3200.80 

45262.50 
275.25 
275.37 

2121as0.00 

2255.10 
2678.05 
blll.%O 

5506250 ,OO 

5329.05 
650915.00 
1471 05.00 

23.27 
5525.30 
4706.00 

268110.00 
256.15 
525.14 

267542.00 
53269.55 

5329.80 
12210.35 
181 33.05 

lA!2.70 

106500. oa 

6762.AO 

525 * 06 



Locar i orrSLD036 SEDllEWT TOTAL W PUplARY - A L L  WITS PCI/KG 

Totrrl 
h q  BE4 

Tote I Nilxinun 
CROL hit6 CRQL Hit 

Average 
WHUW I r H i t  

Total 
Average 

1 
2 
3 
4 
5 
6 
? 
U 
9 

10 
11 
12 
13 

AMERICILM-241 
CES IUW- 137 
QROSS ALPHA - DISSOLVED 
EROSS BETA - DISSOLVED 
PwTON1uli-239/240 
WIW-226 
mrun-228 
tTRONT I M-89,90 
TAItlUU 
URAUIW-W3,-234 
W U N  I W- 235 
U I W - 2 3 8  

PLuTwIun-m 

1 
2 
1 
1 
1 
1 
I 
1 
1 
1 
1 
1 
1 

I4 
-PI==. 

1 
1 
1 
1 
1 
1 
1 
1 
t 
0 
1 
1 
1 

12 
m.eklR..s 

20 
100 

4000 
10000 

0 
30 

560 
500 

1 ow 
400000 

300 
300 
300 

4.187 J 

6786 
218% 
O J  
12.99 J 
l a 2  
1512 
329.7 J 

1139 
10.37 J 
1108 

239.7 

. 

PCI /KO 
PCI /KO 
PCI /KO 
PCl/KE 
PCI IKG 
PCI  /KO 
PCI/KG 
PCI/KG 
PCl /KG 

4.19 
239.70 

6786.00 
Zi890.00 

0.00 
12.99 

1512.Ofi 
1042.00 

329.70 

PCI/KG 1139.00 

PCl/KG 1108.00 
PCl/KG 1 0 . n  

4.167 J PCI/KC 
239.7 PCl/KC 
6786 PCl/KG 
21690 PCIIKC 
O J  PCI/KG 
12.99 J PCI/KG 
1042 PCS/KF 
1512 PCI/KO 
38.7 J PCI/KQ 
1208 PCI/L 
1139 PCcl/KG 
10.S7 J PCI/llo 
1108 PCI/KG 

4.19 
16V.a 

6766.00 
21890,OQ 

0.00 
12.99 

lW2.00 
1512.00 
329.70 

12w.00 
1139.00 

10.37 
1108.00 



LEDMEHI VOA S W R Y  * 1 
a 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
15 
14 
1s 
16 
17 
18 
19 
20 
21 

- 2 2  
23 
24 

a 28 

29 
30 
31 
32 
53 
31 

ANALYJE 

1, ~,1-~R1CHLOROETHANE 
1,1,2,2-'TCtRACHLOROETHANE 
1, ~,~-TRICILOROETWE 
1'1 -D ICHLORCETHANE 
~,1-DICHLOROETHENE 
1,z-D ICHLOROETHAIIE 
1,2-D I CHLOROETHDlE 
1,2-DICHLOROPROPAWE 
2-BIIIANWE 
2-HEXAWE 
'h-HETHYL-2-PEHTUIONE 
ACETONE 
BEUZENE 
BROW 2 CHLOROHEldANE 
B R W F O R H  
BROMONETHAYE 
CARBON D 1 SUL f IDE 
C A U W  TETRACHLDRID~ 
CHLORCSENZENE 
CHLoRETHANE 
CHLOROFORM 
CHLbRWlHANE 

ETHILBEN2ENE 
WTHYCEWE CHLORIDE 
STYRENE 
TETUCHLORQETHENE 
TOLUENE 
TOTAL XYLENES 
R ICHLOROETHENE 
VIYYL ACETATE 
VINYL CHLORIDE 
d 6 -  1,s-D I CHLOROPROPENE 
trans- 1,s-0 ICHLORWROPEXE 

b I BROHOCHLbRonET H ME 

Yotal 
SaaQ L OS 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

68 

8DT.C-JLI 

1otet 
CRQL nits 

0 
0 
0 
0 
0 
0 
0 
0 
2 
0 
1 
1 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
z 
0 
0 
1 
0 
0 
0 
0 
0 
0 

-oLuas1ccc 

8 

CRPL 

5 
5 
5 
f 
E 
5 
5 
5 
10 
10 
10 
10 
5 
5 
5 

10 
5 
5 
5 

10 
5 

10 
5 
5 
5 
5 
5 
5 
3 
5 

10 
10 
5 
5 

hlnun 
Hit 

. 

. 

. 
59 I 

1 BJ 
2w . 

2 5  . 
I 

9 

10 B 

2 BJ 

W H U N  IT 

&/KG 

W K G  
UWKG 

UWKG 

UWKC 

UG/KG 

Avereae 
Hit 

D 

, *  

31.5 

1 .o 
2.0 

2.0 

9.5 

2.0  

. 

HAn1HJW 

18 U 
18 u 
18 U 
18 u 
18 U 
18 U 
18 U 
18 u 

3 6 U  
3 6 U  
36 U 
18 u 
16 U 
18 U 
36 u 
18 u 
18 u 
18 U 
36 U 
18 u 
M U  
18 U 
16 u 
10 B 
18 u 
18 U 
18 u 
18 U 
18 u 
3 6 U  
36 U 

18 U 

59 e 

l a  u 

I(WUN11 

UC/KG 
W K G  
W/KG 
WI/KG 
W K G  
WIG 
W/KG 
Ucf KO 
UG/M 
uO/KG 
UWKO 
UG/a 
UG/KG 
Wffi 
UG/KG 
uG/m 
UWKG 
UWKa 
M/KG 
UWKG 
UG/KG 
LJG/KG 
W G  
UWKG 
UG/KC 
UG/K6 
UWKG 
UWKG 
UC/KO 

WM 
UOIKG 
U W K G  
M/KG 
UWKG 

10t01 
Average 

6.00 
6.00 
6.d0 
6. DO 
6. DO 
6.00 
6.60 
6.00 
31.50 
11.b 
9.50 
10.00 
6.00 
6.00 
4.60 

11.75 
5.50 
6.00 
6.00 

11.75 
6.00 
11.75 
6.00 
6.00 
9.50 
6.00 
6.00 
5.50 
6.00 
6.00 

11.75 
11.75 
6.00 
6.00 



e R ANALYTE 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
I1 
12 
13 
14 
15 
16 

2,L.S-TRI CHLOROPHENOL 
2,4,6-TRlCHLDROPHENoL 
2,4 -0 1 CHLOROP HE NIX. 
2,4-DIWETHYLPHENOL 
2,L-DINITROPHENOL 
2-CHLOROPHENCU. 

a* WITROPHENOL 
4,6-DIYITRO.Z-METHYlPHENbL 
4-CHLORO~3-WEfHYLPHEwbl 
4-NETHYLPHENOL 
4-NITROPHEYOL 
BENZOIC ACID 
DENZYL ALCOHQL 
PEITACHLOROPHEHM. 
PHENOL 

3-WETHY LPIIEMOL 

Total 
h l Q l L 6  

2 
2 
2 
2 
2 
2 
2 
2 
2 
z 
2 
2 
2 
2 
2 
2 

32 

s=IzwcIc 

SEDINWT ACID EXTRACTABLE SUlYURY 

Total 
CRPL Hits 

0 
0 
0 

.O  
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
S~lSZ==31: 

CRPL 

1600 
330 
330 
330 

1600 
330 
330 
330 

1600 
330 
330 

1609 
1600 
330 

I600 
330 

naxinm 
nr t 

. 

. 
I . 

ALL UNITS W K G  

Averaac 
MAXHUMIT Hit M ( 1 R U H  

tl000 u 
UOO u 
2400 u 
tlm u 
l lOO0 u 
2400 u 
2400 U 
ZCOO u 
11000 u 
a00 u 
2400 U 
11000 u 
11000 u 
7400 U 
19000 u 
2400 u 

W t T  

UWKG 
UG/KG 

UG/KG 
wm 
UG/KG 
UQUQ 
&/KG 
Uwwo 
UO/KG 
UWKG 
UG/KG 
UG/KC 
W K G  
UG/WG 
UWKG 
W K G  

total 
AvrrrgI 

3225.0 

697.5 
697.5 
Mzs .O 
697.5 
6v7.5 
697.5 

3225.0 
697.5 
697,s 

3225.0 
3225 .O 

697.S 
5222.0 
697.5 

697-5 



Lacar l m S E  D l  1 8  

e 
1 
2 
3 
4 
5 
4 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
21 

Q 28 

29 
so 
31 
32 
33 
34 
35 
36 
57 
38 
39 
40 
41 
b2 
43 
44 
4s 
46 
47 
48 
49 

AWILYTE 

~,2,4*TRICHLDRBEUZE1IE 
1,2-DICHLPROP€NZENE 
1 , 3 4  ICRLaROsENZEWE 
1,1-DICHLOROBENZENE 
2,4-D I WITROTOLEWE 
2,6-0 IN I TROTOWE WE 
2-EHLORWAPHTIULENE 
2-NETHY L W H T H A L E N E  
2-WlTRMHILINE 
3.f'-DlCHLWOBEY21D I WE 
3-Yl TROANI LINE 
A-BR#IIDPHENYL PHENYL ETHER 
4- CHLbRoAn I L I NE 
4*CHLOaOPHENYL PHENYL ETHER 
l-Y I TROANI L 1 WE 
ACEWHTHhlE 
ACE NAP HI HY LE  NE 
ANTHRACENE 
BEMZO(r)ANTHRACENE 
BENZOC )PYRENE 
6ENZO( b)FLUDRAWTHENE 
UEKZO(@hf WERYLCWE 
8ENi!O( k)PLUORANTHENE 
81 $(2-CHLoR#THaXY)rcETHANE 
81 S1Z-CHLOROEINYL)ETHER 
8lS(2-CHLOROI SOPROPYLIPTHER 
BI S(Z*ETHYLHEXYL)PHTWLATE 
BUTYL BENZYL PHTHALATE 
CHRYSENE 
D1-n-BUfYL PHTHALATE 
01-WOCTYL PHTHALATE 
D IBEWZO( a, h)ANTHRACEUE 
DlBENlOFURAIl 
DIETHYL PHTHALATE 
DIMETHYL PHlHALATE 
FLUORANTHEWE 
?LUdAUlE 
HEXACHLOROBENZEHE 
HEXACPLORWADIEI  
HEKACHLOAOCY CLOPENTAD I EUE 
HEXACHLOROETHANE 
~ W C W O C ~ . ~ , S - C ~ ) P Y R E N E  
ISUPHORONE 
W-N 1 TROSO-Dl -n-PROPYUllr NE 

W-WlTROS(DlPHENY LAnl YE 
M#"THALEHE 
YITRWWZBNE 
PI(EltANY HREPE 
PYRENE 

Toto1 
S q l e s  

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

2 
2 
2 
2 
2 
2 
2 

98 
88llEStl 

SED IWCNT BASE NEUTRAL EXTRACTABLE SUMMARY ALL UNlTS UWKC 

Tatel 
CRQL Hits CRPL 

a 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 

2 
= - P M D =  

330 
330 
330 
330 
330 
330 
UO 
330 

l a 0  
660 

1- 
330 
330 
SO 

1600 
330 
330 
336 
330 
330 
330 
330 
330 
330 
330 

330 
330 
?i30 
550 
330 
330 
330 
330 
330 
330 
330 
330 
130 
330 
330 
330 
330 
3% 
330 
330 
330 
330 
330 
330 

Waxiaun 
H i t  

. 

. 

. 

. . 

. 

45 J . 
n 

. 
70 J 

Average 
W M l N f T  Hit 

UG/KG 45 

. 

* 

WIW 

2400 u 
2400 u 
2400 u 
2400 U 
2400 U 
UDO U 
2400 U 
2400 u 
11000 u 
4700 U 
ll000 u 
2406 u 
2400 U 
2600 u 
11000 u 

2400 u 
2400 U 
2400 U 

1400 u 
2400 U 
2400 u 
2406 U 
2400 u 
2600 u 
2 0 0  u 
2400 u 
2400 u 
2400 u 
2400 u 

2400 u 
2CQO U 
2400 U 
2400 U 
2100 u 
2400 U 
2400 u 
Z&M U 
2400 U 
2400 u 
2400 U 
2400 U 
2400 u 
2400 u 
2400 u 
2400 u 
2400 u 

2400 u 

aao  u 

2400 u 

WWlT 

W/KG 
W K G  
=/a 
W U G  
WKG 
UGIKG 
W K O  
UO/KG 
U W Q  
W K G  
UWKG 
WE 
UWKG 
uwm 
UW KO 
UWKG 
UC/KG 
UG/KG 
UGKG 
Uom 
UWKa 
W K G  
UWKG 
WK& . 
UWKG 
U W K G  
UWKG 
UWKG 
UWKG 
UWKG 
UG/YG 
UG/KG 
W/KG 
W K G  
UG/KG 
W K G  
W K C  
WKli 
W/KG 
UGfKC 
UWKG 
UWKG 
UWKE 
UWKO 
UO/UI 
ua/KG 
w/m 
UG/M; 
W K G  

Total 
AvrraQa 

697.5 
697.5 
697.5 
697.5 
697.5 
697.5 
697.5 
697.3 

3225.0 
1367.5 
1225 .o 
697,5 
65V.5 
697.5 

3225.0 
691.5 
697.5 
697.5 
697.5 
697.5 
6973 
697.5 
697.5 
697.5 
697.5 
697.5 
697.5 
697.5 
697.5 
697.5 
697.5 
697.5 
697.5 
697.3 
697.) 
622.5 
697.5 
697.5 
697.5 
697,5 
697.5 
697.5 
697.5 
691.5 
697. I 
697.5 
697.5 
697.5 
635.0 

-- . 



SEDIKENT PESTIEIDE/PCB gllQlARr ML WSTS UWKG 

a AMLYTE 

1 
2 
3 
4 
5 
6 
? 

9 
10 
I1 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

a 

4,4*-DI)D 
4,4'-DDE 
4 ,  LO-DDT 
ALDRIN 
ARocioR - 1016 
AROCLW - 122 1 
ARDCLOR-1252 
AROCLOR- 1242 

MOCLOR - 1254 
ARMLOR- I260 
DIELDRIN 
ENDOSULFAN ! 
LllWUlLfAN I 1  
ENDOWLUN SULFATE 
ENDRIN 
fNDRlW KETONE 
HEPTACHLOR 
MEPDCHLMI EPOXIDE 
METHOXYCHLOR 
TOXAPHENE 
alphr-BHC 
alpha-CHLORDANE 
btto-BHC 

A R ~ C L O R - I ~ ~ L I  

del tr-BHC 
gam-BHC (LINDANE) 
gm-CHLORDANE 

Total 
b Q ( t 6  

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 -  
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

51 
Eil=XE. 

Total 
CRQL Hits 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
8RLX:==== 

CRPL 

16 
16 
16 
8 

80 
80 
80 
Bo 
80 
Bo 
MI 
16 
8 

.(6 
16 
16 
16 
8 
6 

80 
$MI 

6 
80 
8 
5 
8 

80 

niwtnm 
Hit 

. . 

Averrne 
WHUWIT Hit 

. 

. 

. .  

. 

. 

tuxinuw 

110 u 
110 u 
110 u 
57 u 
Sf0 U 
sm u 
570 u 
570 U 
510 u 
1100 u 
1\00 u 
110 u 
57 u 
110 u 
110 u 
110 u 
I t 0  u 
57 u 
57 u 
I70 U 
1100 u 
57 u 
570 u 
57 u 
57 u 
57 u 
570 U 

Total 
average 

32.250 
32.250 
32.250 
16.625 

166.259 
166.250 
166.250 
166.250 
tt4.250 
322.500 
322.300 
32.250 
16.62s 

32.250 
32.250 
32.259 
16.625 
16.625 

1M.250 
322.500 

16.625 
166.250 
16.625 
16.625 

166.250 

32.250 

16.625 



Locat i CWKD 1 18 SBlNENl  TOTAL METAL SUUWIY ALL UNITS UG/KG 

1 ALUlflUn 
2 ANTIUONY 
3 ARSENIC 
L BARIUM 
5 DERYLLIW 
6 CAWIUW 
7 ULCIW 
8 CESIUM 
9 CHRCUILW 
10 COBALT 
11 COPPER 
12 tRC4 
l3 LEAD 
14 LITHIUM 
1s UAGUESIW 
16 MNGAYESE 
17 WEACURY 
16 WOLYBDENUH 

20 POTASSIUI 
21 SELENIUU 
22 S1LICON 
23 SILVER 
26 SODIM 

19 NICKEL 

STRWTlW 
THALLIUH 
TIN 

28 VANMflM4 
29 ZINC 

n t e 1  
s q l t o  

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
S 
2 
2 
2 
2 
1 
2 
2 
2 
2 
2 
2 
2 

58 
=====I= 

Total 
CRQL nits 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
o 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 

2 
CII-.III 

CRPL 

40000 
120w 
2000 

iwoo 
1 000 
1000 

2000000 
200000 

2000 
10000 
5000 

20000 
1000 

20000 
2000000 

3000 
200 

MOO 
zoooooo 

1000 
0 

2000 
2000000 

40000 
2000 

40000 
10300 
4000 

Mooo 

naxfRua 
Hit 

. 

. 

. 

21700 

lo40 

. 

Average 
W H U I T  ntt  

. 

HWKG 21 700 

. 
ffi/KG 1040 

. 

. 

WXIMUM 

14300 
13.3 EN 

10.2 
188 
1.2 B 
1.5 B 

52 u 
11.3 
15 8 
55.9 * 
21700 
21.6 
11.2 u 
1270 E 
45 7 
0.5 
7.2 B 
24.3 B 
2130 BE 

roko * 
2.3 u 
402 BE 

1.4.W 
24.9 B 
42 A 
111 E 

12000 E 

0 . a  n 

74.13 B 

I(I\xwIIT 

MGO/ICG 
WG/WG 
WE/KG 
WWKG 
WWKG 
M/KG 
W K G  
MG/KO 

W K G  
UG/yb 

W K G  
UWKG 
MWKG 
WWKG 
HC/KG 
UG/KG 
WC/KG 
W K G  
uwm 
W K G  
HWKG 
MWKG 
W K G  
HWKG 
W K G  
HGlKG 
W K G  
W K t I  
ffi/KG 

Total 
Avrrrgc 

1 a n . 0 0  
8.15 
7.60 

1b6.50 
1.10 
1.30 

was .oo 
14.30 
9.65 

11.55 
24.85 

16250.00 
113.25 
7.85 

3345 .OO 
350.50 

0.24 
4.85 

19.50 
1590 .MI 

0.46 
1040.00 

1.62 
372 .fD 

58.50 
0.47 

15.25 
31.80 
91.65 



t 
2 
3 
4 
J 
6 
7 
a 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
21 

2a 
29 
30 
31 
32 
51 

- 3 1  

ANALYTE 

1,1, l - Ik!CHLaRO€TWE 
1,1 ,2 ,2 -TETMCHLOROETIE 
1,1,2-TRlCHLORMIHA)(E 
1,l *DICHLOROETHANE 
1,1-OICHLORoETHENE 
1,2-DICHLOROETHAUE 
l I2 -Df  CHLOROETHEWE 
1,2-D! CMLDROPRbPANE 
Z.BUTAWOW€ 
1-HEXANWE 
4-HEtHYL-2-PENTANOWE 
ACETDWE 
BENZlYL 
BRO)IODICHLOROnETHANE 
BRCMOFOan 
ORWONETHANE 
WON DfSULFlDE 
CARBON TETRACHLORIDE 
CHLORosENZEUE 
CMLWOETHANE. 
CHLOAOFOM 
CHLORWElHAWf 
D ISROnOCHLOROMETHANE 
CTHY LBENZEUE 
WCTHYCEXE CHLORIDE 
STYRENE 
TETRACHLOfUTHENE 
'IOLUEWE 
TOTAL XYLENE$ 
TR1 CHLOROETHE WE 
VlNYL ACETATE 
VINYL CHLORIDE 
C~@-l13=01 CHLDROFRDPENE 
trms-l,~-Dl CHLOROPROPENE 

Total Total Haxiam 
8aftpkm CAQL Yits CUQL Hit WIXHUNIT 

2 0 
2 0 
2 0 
2 0 
2 0 
z 0 
2 0 
2 0 
2 1 
2 0 
z 0 
2 2 
2 0 
2 0 
2 0 
2 0 
2 1 
t 0 
2 0 
2 0 
2 0 
2 0 
2 0 
2 0 
2 2 
2 0 
2 0 
2 0 
2 0 
2 0 
2 0 
2 0 
2 0 
2 0 

68 6 
P X S U I  EZaEe:m== 

5 
I 
3 
5 
5 
S a 

5 
5 .  

10 3 I J  UVKG 
I O  
10 
10 f BJ UG/KG 
5 
5 .  
5 

10 
5 2 J  UG/ KG 
5 
5 

10 
S 

10 
5 
5 1 

5 8 8  U W G  
5 
5 
5 
5 . 
5 . .  

10 
10 
5 
S 

Average 
Wit 

3.0 

3.5 

2.0 

6.5 

. 

I U  
8 U  
8 U  
8 U  
8 U  
8U 
6 U  
a u  ' 
11 u 
16 U 
16 U 
5 BJ 
a u  
s u  
0 U  
16 U 
5 u  
6 U  
811 
16 U 
a u  
ib u 
8 U  
8 U  
8 8  
8 U  
u u  
8U 
a u  
8 U  
16 U 
16 U 
8 U  
8 U  

U G P G  
UWKQ 
W K G  
UWKG 
UWKG 
W K C  
&/KG 
M/WG 
&/KG 

W/UG 
W K G  
W K G  
W Y G  
WKQ 
W K G  
UWKG 
UWUG 
UWKG 
UG/YG 
uwm 
UG/KG 
UWKE 
UCf KG 
UG/KG 
U G B G  
UC/KQ 
UGfKG 
W K G  
UWKG 
W t C G  
UG/KG 
W K G  
UG/KG 
UG/KP 

t0t51 
Average 

5.25 
3.25 
5.25 
3.25 
3.25 
3.25 
3.25 
3.25 
4.25 
6.75 
6.75 
3.50 
3.25 
3.25 
3.25 
6.E 

3.25 
3.25 
6.75 
5.25 
6.75 
5.t5 
3.25 
6.50 
3.25 
3.25 
3.25 
3.25 
3.25 
5.25 
6.75 
3 2 5  
3.25 

2.25 



SEDIMENT ACID EXTRACTABLE SUHHARY 

1 
2 
3 
L 
5 
6 
7 
6 
9 *  

10 
11 
12 
13 
14 
1s 
16 

2,4,f-TRICHLOROPHENOL 
2,4,6*TRICHLUROPHENCIL 
2,4-D1CYL#OPHEWM 
2,4-0 IMETYYLPWEUOL 
2,4-D1 WITUOPHLNOL 
2-CWLOROPHENOL 
2-METHYLPHENOL 
2-NITROPHENOL 
I ,6-D I W I TRO-2-WETHYLPHENoL 
4.CHLORO-3-CIElHYLPLE~O~ 
WETHY LPMYOL 
4-#1TkOPHEMOL 
DEYZOfC ACID 
BENZYL ALCOHOL 
PENTACHLOROPHENOL 
PHENOL 

Total  Toto1 IlaXln*m 
S n p l e s  CROL Hits CRQL H i t  

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

32 
S L P P I .  

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 

a 

E..===. 

1600 
330 
330 
330 

16ho . 
330 
330 
330 

1600 
330 
330 

l a 0  
1600 
330 
1604 
330 

ALL UNITS W K G  

3200 U 
1100 u 
1’100 u 
1100 u 
5200 U 
1100 u 
1100 u 
1100 u 
5td0 u 
1100 u 
1100 u 
5200 u 
5POO U 
1100 u 
5200 U 
1100 u 

W I T  
Total 

Awrwe 

1725.0 
362.3 
362.5 
S62.5 

1725.0 
362.5 
S62.5 
362.5 

1725.0 
362.5 
562.5 

1723.0 
I725 .O 
362.5 

1725 e 0  
362.5 



SEDIMENT BASE NEUTRAL EXTRACTABLE SWMARY ALL UUl TI UG/rcC 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
lil 
15 
u 
17 

19 
20 
21 
22 
23 
24 

$a 

28 
29 
30 
31 
s2 
33 

. 3 4  
35 
36 
37 
sa 
39 
40 
41 
42 
w 
44 
4s 
46 
41 
48 
b9 

AWALYTE 

f ,2,I-TRICHLOROBENZENE 

1,3-DICHLWOBENZENE 

2 , b D I N l  TROTOLUEUE 
2,6-OlffllROTOrUEWE 
2-CHLORONAPHTHALENE 
~.WETHYLNAPHTHALENE 
2-YltRW ILI WE 
3,s' -Dl CHL~OBEYZIDI NE 
3-WlTRWI L f NE 
4*BRMOPHENYL PHENYL ETHER 
4-CHLOOWIL IN€ 
bcblLORWHENYL PHENYL ETHER 
6-YlTROANlLItE 
ACLNAPUTMEUE 
ALXNAPHTHYLENE 
ANTHRACENE 
WNZO( )ANTHRACENE 
BEWZO(8)PYRENE 
BENZOt b)FLUORANTHEWE 
BEWtO(gh I )PERY LEWE 
BEHZO(k)f LWWTHENE 
Bf SG!-CHLOROETHOXY)METHANE 
Blf(2.CHLOROETnYL)ETHER 
~lS(Z-CHLORO1 E0fROPYL)ETHER 
8lStZ-ElnYLHEX~L)PHTHAUTE 
BUTYL PENZYL PHTHALATE 
CHRY SENE 
01-n-BUTYL PHTHA.ATE 
D1=noOcTYL PHTHALATE 
0 IBElZO(8,h)ANTHRACENE 
0 IBENZOFURAN' 
0 W H Y  L PHTHALATE 
DIMETHYL PHTHALATE 
FLUDRAWTHEN€ 
f LUoRENE 
HEKICHLOROBENZENE 
HEKACHLOROeUTAD IENE 
HEKACHLOROCYCLDPEWAD lENE 
HEKACHLOROE T HAUE 
IUDENOC1 ,Z,J-ed)PYRLWE 
ISOPHORONE 
Y-Y I TROSO-Dl -n-PROPYLAMf NE 
N-YlfROS00 I PHEWY LMl NE 
NAPHTHALENE 
Nt TROBENZEYE 
PHENANTHREHE 
PYRENE 

1~2-OICHLOROBEUZENE 

1 e4-D ICHLOROBENZEHE 

Totr I 
s.RIpt.0 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
z 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

. 2  
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

98 
=si===. 

Totat 
CRPL Hita 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
1 
1 
0 
1 
0 
0 
0 
2 
0 
1 
0 
0 
0 
0 
0 
0 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
2 

14 
;==.=a. 

CRPL 

330 
330 
330 
330 
JJO 
330 
xi0 
330 

1690 
660 

1600 
330 
330 
330 

1600 
S30 
330 
330 
330 
330 
330 
330 
330 
330 
330 
f50 
330 
330 
330 
330 
330 
330 
330 
330 
330 
330 
330 
330 
330 
330 
330 
330 
330 
330 
330 
330 
330 
330 
530 

h t i M  
Wlt 

. 

. 
L 

I 

200 J 
IM J 
90 J 

14 J 

160 J 

110 J . 
. 

SO0 J 

b 

* 

1 

510 J 
440 J 

Ub/Y(I 
UO/YO 
UG/KG 

UG/KG 

UG/KG 

UWKG 

UWKO 

U/UP 
W K G  

b 

(I 

145.5 
100 * 0 
90.0 

74 .O 

. 
116.0 

710.0 

. 
255.0 

. 

. 
240.0 
S15.O 

MXIW 

1100 u 
1100 u 
1100 u 
1100 u 
1100 u 
1100 u 
1100 u 
1100 u 
3200 U 
2100 u 
5200 U 
1100 u 
1100 u 
1100 u 
5200 U 
110b u 
1100 u 
1100 u 
200 J 
1100 u 
1100 u 
1100 u 
1100 u 
1100 u 
1100 u 
1100 u 
160 J 
1100 u 
1100 u 
1100 u 
1100 u 
1100 u 
1100 u 
1100 u 
1100 u 
$00 J 
1100 u 
1100 u 
1100 u 
1100 u 
1100 u 
'1103 u 

1100 u 
7100 u 
1100 u 
1100 u 
310 J 

440 J 

itoa u 

W W l T  

W K G  
UC/KG 
W/KG 
UGIKG 
W K G  
UWKG 
W/KG 
W/KO 
UG/KG 
UWYG 
UWKG 
UWKO 
UG/tX 
W/KC 
UG/KG 
UWKE 
UGIKG 
UG/KG 
UWKG 
UWKG 
UWK6 
WKo 
UWKG 
&/KG 
UG/KG 
UWKG 
UWKC 
UG/WG 
UWKG 

UG/ KG 
W K G  
ffi/KC 
WKG 
W K G  
W/KG 
W K G  
UWKG 
uO/KC 
UC/KG 
l#/wa 
UQ/KE 
uc/KG 
UWKE 
uc/m 
UG/KG 
W K O  
UG/UG 
UWWG 
UUKG 

Total 
AWl'b98 

362.5 
362.5 
362.5 
362.5 
362.5 
562.5 
362.5 
362.5 

1725.0 
700.0 

1n5.0 
362.5 
362.5 
562.5 

1'125.0 
362.5 
562.5 
362 S 
(45.5 
325.0 
320 .O 
362.5 
312.0 
362.5 
342.5 
362.5 
116.0 
362.5 

362.5 
562.5 
362.5 
362.5 
362.5 
362.5 
255.0 
362.5 
36t.5 
362.5 
362.5 
362.5 
362.5 
362.5 
362.5 
362.5 
362.5 
362 .f 
210.0 
315.0 

330.0 



. 
. 

Locrr iannsEDl20 SEDIMENT PESTICIDEIPCB SUWlURY ALL UNITS UWKG 

1 
2 
5 
4 
5 
6 
7 
a 
9 

10 
11 
12 
13 
14 
1s 
16 
17 
111 
I? 
20 
21 
22 
25 
24 

4,4'-DDD 
4,4'-DDE 
4,4 '*DDT 
ALDR 1 Y 
ARELOR- 1016 
AROCLWL- 1221 
UOELOR- 1232 
ARocLoII-lzc2 
MOCLOR-1248 
ARoCLOR - 1254 
ARDCLOR-1260 
DIELDRIN 
ENDOSULFAN t 
ENDOSULFAN I 1  
ENDOSULFAN SULFATE 
ENDRIN 
ENDRIN KETONE 
HEPTACHLOR 
lEPtACHLOR EPOXlDC 
IIETHOXYCHLOR 
TOXAPHENE 
4lplb-BHC 
&lpha-CHLOUDAWE 
k t A - B H C  
ehl ta-BHC 
gs~ne-BHC (LINDANE) 

Total 
8unplce 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

. 2  
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
z 

54 
==.B=t 

T ~ I  uaximm Average 
CRQL Hits CRPL H i t  W H U I I T  Hit 

0 16 . 
0 16 . 
0 16 . 
0 8 .  
0 a0 . e 

0 8 0 .  
0 a0 . 
0 8 0 .  
0 80 . 
1 80 126 J UG/KG 120 
0 6 0 .  
0 16 . * 
0 8 .  
0 16 . 
0 16 . 
0 16 . 
0 16 
0 8 .  
0 8 .  
0 8 9 .  
Q 160 . 
0 8 .  . 
0 a0 . 
0 a .  
0 8 .  
0 80 . 
1 

0 a .  

m=r=..t== 

260 u 
260 u 
260 u 
130 0 
1300 u 
1300 U 
1300 U 
1300 U 
1300 U 
2MK) u 
2400 U 
260 u 
130 U 
260 u 
260 u 
266 u 
260 U 
130 U 
130 U 
1300 u 
2)oo u 
130 U 
1300 U 
130 U 
130 U 
130 U 
1300 U 

W N S T  

UG/ KG 
WKG 
UO/ KG 
UWKG 
W K G  
W K G  
WKQ 
W/KP 

UG/KG 
W K G  
UWKG 
UVKG 
W K G  
UG/KG 

W K G  
W/KG 
W/KC 
UG/ KO 
M / K Q  
WKG 
W/KC 
U 4 K G  

WKG 
UC/KG 

UGKG 
UWKC 
UWKG 

69.250 
69.250 
69,250 
34.66 

346.250 
3L6.250 
346.250 
346.250 
346.250 
710.000 
692.500 

69.250 
34.625 
69.250 
69.250 
69.250 
69.250 
34.625 
34 .a5 

3L6.250 
692.500 
34.625 

566.250 
34 .as 
w .625 
34.625 

546.250 



1 
2 
f 
4 
5 
6 
7 
8 
9 

10 
11 
12 
93 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 

& 27 

20 
29 

M I T E  

ALWINlU 
ANlfU5NY 
ARSENIC 
BARIUM 
BERYLLIUM 
UDMIUn 
CALCIUM 
CEStUY 
CHRONIUI 
COBALT 
COPPER 
tRCU 
LEM 
LITHIUM 
MOWESlUrt 
IUwGRWE8E 
UERCURY 
MOLYBDENUM 
YICIEL 
POTASSIUM 
SELENlUl 
SILICON 
SILVER 

STRONT IM 
THALI. lUn 
TIN 
VANADIUCI 
ZIWC 

s a w  

Total 
Ssmpks 

1 
1 
1 
1 
1 
I 
1 
I 
1 
1 
1 
1 
1 
1 
1 
I 
1 
I 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

29 
mE5CX1B 

Total 
CRQL Hits 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 

1 
I B S H C L I I I  

SEDlMENT TOTAL &TAL fUllHARY ALL UNITE UG/KG 

cRaL 

15000 
12000 
EOtD 

40000 
1000 
1000 

2000000 
205000 

2000 
10000 
5000 

lo00 
20000 

2000000 
SO00 

200 
~ 0 0 0  
BOO0 

2000000 
1000 

0 
2505 

2000000 
40500 

2000 
~ 0 0 0 0  
10000 
4000 

aoao  

Average 
WHUl17 nrt 

. 

. 

. 
S 

MCIKo 61 5 . 
. 
. 

nAXIMM 

10800 * 
9.4 UN 
5.1 Y 
124 
l a  
1.9 
5260 
3.1 w* 
15.2 
9.6 B 
18.5 
16200 * 
59.4 N 
15.7 u 
2920 
s39 
0.11 u 
5.1 u 
19.7 
1600 
0.61 LMW 
615 
3.1 u 
1?3 D 
37.2 
0.61 U 

0.08 u 
29.1 
102 E 

W U I I  

W K G  
MG/KG 

W K Q  
W/KQ 
HG/K6 
HG/KG 
W K 6  
I G / K O  

HGntE 
M/KG 
W K G  
MG/KO 
)IG/KG 
HWKQ 
H V K G  
M G K O  

HWKG 
M / K G  
I W K G  
UWKG 
MG/KG 
KGKQ 
UWKQ 
MOfKG 

MG/KG 
HGIKG 
MCflG 
WCflG 
W K G  

TOtSl 

Average 

10800.w 
4.70 
5.10 

121.00 
1.00 
1.90 

5260.00 
3.10 

1 5 a  
9.60 

111.50 
16200.00 

59.bO 
7.85 

2920.00 
339.00 

0.05 
1.55 

19.10 
1600.00 

0.30 
815.00 

1.55 
113.00 
J7.20 
0.50 
0.04 

29.10 
102.00 



. 

ANALYTE 

1 
2 
3 
4 
5 
6 
? 
8 
9 
10 
11 
12 
15 
14 
15 
?6 
17 
18 
19 
20 
21 
22 
23 
24 

~,1,1-TR1CHLQROETHAWE 
1,1 ,~,Z-TETRACHloROE7HAWE 
t ,  ,2-TRI CHLoROETHAYE 
1,I-DICHLoRMTHANE 
1,l-DICHLOROETUENE 
1,2-DlCHLOURMTHANL 
f,2-bICHLOR@THENE 

2-WtAIIOWE 
2. WEKANONE 
b-METHY L-Z-PEll?)IWOWE 
ACETONE 
BENZENE 
ORPIOD ICHLCIRONETNANE 
OROWOFORW 
IRdnWTttANE 
CARBON DISULFIDE 
CARBON TETlUCHLORlDE 
CHLORDBEWZEWE 
CWLOROETHME 
CHLOROFoRU 
CMLOROWEIWE 
DlUlOnOCHlOROMETHAE 
€THY LSEYZENE 
METHYLENE CHLORIQE 
STtlREIE 
TETRACHLOROETHEYE 
TOLUENE 
TOTAL XYLENES 
TRICHLORETHEHE 
VINYL ACETAlE 
VINYL CHLORIDE 
etr-1,3-DfCHLOROPROPENE 
tras-i,3-DlCHLORDPROPEHE 

1 ,~-D~CHLWOPROPANE 

EDlCIENT V M  SUMMARY 

Total  tatel 
b r p l e s  CRPL Hits CRaL 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
Z 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

68 
5 5 = S b ( k  

0 5 
0 5 
a 5 
0 5 
0 5 
0 5 
0 5 
0 f 
1 10 
0 10 
0 10 
2 10 
0 5 
0 5 
0 5 
0 10 
0 5 
0 5 
0 5 
0 10 
0 5 
0 14 
0 5 
0 5 
2 5 
0 5 
0 5 
0 5 
0 5 
0 5 
0 10 
0 10 
0 5 
0 5 

5 
8SX==*== 

A l l  UNITS W K G  

MlxiIllWl 

Hit MAXHUNIT 

. 
5 BJ W K G  

28 E UWUG 

. 
1 

1 

17 8 UC/KO 

Average 
mtt 

3.0 

17.5 

16.0 

8 U  
8U 
b U  
B U  
a u  
8 U  
8 U  

1s u 
IS u 
15 u 
2 8 8  
8 U  
8 U  
8 U  
15 U 
8 U  
a u  
m u  
15 U 
8 U  
11 u 

8 U  
1 7  6 
8 U  
8U 
8 U  
8U 
8 U  
15 U 
'Is u 
8 U  
8 U  

a u  

a u  

W U I T  

UWKG 
W K G  
W k G  
UVKG 
W/KG 
m/ro 
U / K G  
W/KG 
W K G  
UGfKG 
UWKQ 
UwKa 
W K G  
M I K G  
U/WG 
*/KO 
UWKG 
UOKG 
UG/KC 
UG/KG 
UWKG 
UC/KQ 
UWKG 
UCIKG 
UWKG 
UG/KG 
uc/a 
UG/KG 
UWKG 
UWKO 
UWKG 
UWYa 
UO/XG 

UG/KC 

Totel 
Averago 

5.75 
S.A 
3.73 
3.75 

3.75 
3.15 
3.75 
b.25 
7.50 
?.50 

17.50 , 
3.E 
5.75 
3.15 
7.50 
3.75 
3.75 
f,?S 
7.50 
3.15 
?. 50 
3.75 
S.n 

16.00 
3.- 
3.75 
3.15 
3 .fs 
3.75 
7.30 
7.50 
3.75 
3.75 

3.73 - 



E D I E M T  ACID EXTMCTABLE W Y  ALL UNITS UG/KG 

d s  AWALITL 

1 
i? 
3 
4 
5 
b 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

L,Q,f-TR1CHL(XWHENOL 
2,L, 6-TR ICHLORWHENOL 
2,C-D 1 CHLOROPHEUM 
2,6-OIIIETHYLPHENOl 
2 , 4 - D l N l T R W H E N M  
2- CHLOROPHENOL 
2-METHYLPHENOL 
2-NITROPHENOL 
~,6-DINlTRO-2-WTHYlPHEN~ 
4-CHLDRO.3-HETHrLPHENOL 
M E T H Y  LPHEDL 
4 - N lTROPHENOL 
BCNZOIC ACID 
BENZYL ALCOHOL 
PEHTACHLoRoP WEWOL 
PHENOL 

Totel  
Svlpter 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

32 
Es;lP=8 

Total 
CRQL Hits 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

U r 8 8 I C S L  

a 

CRQL 

1650 
330 
330 
330 
tm 
350 
330 
330 

1600 
330 
330 

1600 
1600 
330 

1600 
SO 

Waxlnm 
nit  

. 

. 

. 

. 

Aversge 
IUXHUNIT Uft  WIW 

4800 u 
1wo u 
loo0 u 
lo00 u 
-0 u 
1000 u 
low u 
too0 u 
48890 U 
too0 u 
1000 u 
Lao0 u 
a800 U 
1000 u 
LWO u 
1000 u 

W I T  

UG/K6 
W K 6  
UCfKO 
UWKP 
W/KG 
W/WQ 
uo/Ko 

WU 
UG/KG 
UG/KG 
uc/ffi 
W K G  
UG/KG 
W K G  
WKII 
UGIKO 

Total 
Avermi 

1825.0 
3n.s 
3777.5 
m . 5  

1825.0 
377.5 
3n.s 
377.5 

1825.0 
377.5 
377.5 

1825.0 
1825 a 0  
577.5 

1825 .o 
377.5 



StDIUEWT MSI? NEUTRAL EXTRACTABLE WWARY ALL UNITS MIKG 

1 
2 
3 
4 
5 
6 
7 
% 
9 

10 
11 
12 
13 
16 
15 
16 
17 
i a  
19 
20 
21 
u 
23 
24 

a 28 

29 
30 
31 
32 
33 

. u  
35 
34 
37 
58 
39 
SO 
41 
42 
43 
44 
45 
46 
47 
48 
49 

AUALYTE 

1,2,4-TRICHLOROBENZENE 
1,2-D1 CHLDROBEUZENE 
1,f.bfCHLORWENtENE 
1,4-DICHLOROBE~ZD(E 
2,4*D IN 1TROTOLWNE 
2,6-DI I ITROtOLUENE 
2-CHLOAQAPHTHALENE 
2-IQTHY LWHTHALENE 
2 4  ttROANI LINE 
3 , s  -D I CHLMK)(IEWZID INE 
3 4  f T R W  I L I NE 
bIRQI(OQHEYYL PHENYL ETHER 
4-CHLOROANILIYE 
bCRLDRDPHENYL PHEUYL ETHER 
I -NI TROAN f L I NE 
ACENAPHTHENE 
ACEUAPHTHY LENE 
ANTHRACENE 
BENZOI 8) ANTHIACE NE 
8ENZOtir)PYRENE 
BEWZO( b)FLUORAKIHENE 
IKNZO(ghi IPERYLENE 
BLNZ0Ck)FLWMNTHENE 
8 IS(Z-CHLoR"(H0XY M E 1  HAME 
BI~C2-CHLOROE1HY LETHER 
BISl2-CHLOROI SOPRWYL )ETHER 
8 1st 2-ETHYLHEXYL )PHTHALATE 
W T Y L  8ENZYL PHTHALATE 
CHRYSENE 
0:-n-BUfYL PHTHALATE 
OS -n-OCTYL PHTHAt ATE 
DIMNZO(r,h )ANTHRACENE 
DXBENZOFURAU 
DIETHYL PHTHALATE 
DlllETHYl PHTHALATE 
FLUORAWTHENE 
FLUORENE 
KXACHLOROBENZENE 
EXACHLOROUfAn 1 ENE 
IKXACHLOROCYCLOPENTAD J EUE 
UEWLOROElMNE 
JUDENO( 1,2,3-cd)PYREUE 
f SOPHORDNE 
N- N I T R O S b O  1 -n- PWPY UH I NE 
bbMITROSW) IPHENYLAHI NE 
NAPHTHALENE 
HI TROBPNZENE 
PHEWTHREME 
PYRWE 

Total 
6;snpler 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
Z 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
i? 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

.IP*II 

9s 

Total 
ERPL Hits 

0 
0 
0 
0 
0 
0 
0 
2 
0 
0 
0 
0 
0 
0 
0 
2 
0 
2 
2 
2 
1 
2 
2 
0 
0 
0 
1 
0 
2 
0 
0 
1 
2 
0 
0 
2 
2 
0 
0 
0 
0 
2 
0 
0 
0 
2 
0 
2 
2 

33 
LLClE=nE= 

CROL 

330 
330 
330 
330 
$30 
350 
$30 
330 

1600 
460 

1600 
330 
330 
330 

1600 
330 
330 
330 
330 
330 
330 
330 
330 
330 
330 
330 
330 
330 
550 
330 
530 
330 
330 
330 
3JO 
3-50 
330 
330 
530 
330 
330 
330 
130 
330 
330 
330 
330 
330 
330 

Uaxinun 
Hit 

110 J 
I 

600 J 

1100 
4200 
YO0 
4000 
2400 
2200 

2000 

4800 
. 
. 
1200 
240 J 

'I 

no0 
520 J 

23 00 

540 4 

6100 
10000 

UG/KG 

UVKG 

UWKG 
UG/KG 
UG/KG 
UC/KG 
UG/KG 
UWKG 

UE/KG 

UG/KG 

W K F  
UWKC 

UWKG 
UG/YG 

UC/KG 

a/ KG 

UG/KG 
UG/KG 

. 
110 

520 

835 
2520 
2040 
4000 
143s 
1650 

2000 

2810 

1200 
215 

4750 
445 

v 

1395 

26$ 

4200 
5950 

NAXfHUH 

1000 u 

lo00 u 
1000 u 
1DDO u 
roo0 u 
1000 u 
110 J 
4800 u 
;coo0 u 
4800 u 
1000 u 
1000 u 
1000 u 
4800 U 
600 J 
1000 u 
1100 
4200 
3400 
4000 
2bOO 
2200 
1000 u 
1000 u 
1000 u 
2000 
1000 u 
4800 
loo0 u 
to00 u 
1290 
240 J 
1000 u 
1000 u 
BOO 
520 J 
1000 u 
1000 u 
1000 u 
lo00 u 
2300 
1000 u 
lo00 u 
lo00 u 
340 J 
1000 u 
61 00 
10000 

imo u 

W U N I  T 

UWKP 
UWYG 
UWKG 
W K G  
UC/KG 
UWKG 
UG/KG 
UWKG 
UWKO 

W/K6 
UWKG 
M K G  
UUKG 
UWKG 
W K O  
UC/KG 
UWKG 
W K G  
UG/KG 
UG/KG 
U W K G  
UG/KG 
W/YG 
ffi/KG 
W K G  
*/KG 

ut/ KG 
W K G  
UG/KG 
W K G  
UO/ Kd 
UOIKO 
W K G  
UG/KG 

UWKG 
UG/KG 
UWKG 
UG/KQ 
UWKQ 
UWKa 
UG/KO 
UWKO 
UGIKG 
UC/KG 
UWKG 
UG/KG 
UWKG 
UD/Ko 

uma 

Total 
Average 

37T.5 
371.5 
577.5 
377.5 
377.5 
577.5 
3n.5 
110.0 

1825 .O 
750 .o 

1825.0 
377.5 
377.5 
377.3 

1625.0 
520.0 
377.5 
835.0 

2520.0 
2010.0 
2127.5 
1435.0 
1650.0 
377. f 
577.5 
377.3 

1127.5 
377.5 

2810.0 
377.5 
377.5 
727.5 
215.0 
317.5 
577.5 

4750.0 
445.0 
377.5 
3 7 7 6 5  
377.5 
377.5 

1395.0 
377.5 
377.5 
377.5 
265 .O 
377.5 

4200 .o 
5990.0 



1 
2 
1 
1 
5 
6 
7 

9 
10 
11 
12 
13 
14 
1s 
16 
?7 
18 
19 
20 
21 
22 
23 
24 

a 

4,4'-DDD 
4,hr-0DE 
4,4'-ODT 
ALPRlN 
AROCLOR-1016 
AROCLDR- 1221 
ARocLoR=1zsz 
ARocLOR-1U2 
AROCLOR- 1248 
AROcL6R-12W 
AROCLOR- 1260 
DftLDRIY 
ENDOSULFAN t 
EUDObULfAN I1 
ENDWULfAN SULFATE 
EWRIN 
ENDRIU WETOHE 
HEPTACHLOR 
HEPTACHLOR EPOXIDE 
METHOXYCHLOR 
TOXAPHENE 
~lpho-BHC 
.Iphr-CHLORDANE 
beta-EWC 
delto-BHC 
@irans.BHC (LINDANE) e gMma-CHLORbANE 

Total 
tPmples 

2 
2 
2 
2 .  
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

54 
F====. 

SEDIMENT PESTICIDE/PCB . W W Y  ALL UNITS UWKG 

Total 
cue1 nttr 

0 
0 
0 
0 
0 
0 
0 
0 
Q 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

2 
X=J8SLl l l  

CROL 

16 
16 
16 
8 

80 
80 
80 
80 
80 
80 
80 
16 
a 

16 
16 
16 
14 
8 

BO 
160 

8 
80 
8 
8 
8 

80 

a 

Mkuiirun 
n i t  

L 

66000 

. 

Ilvera@e 
WHUn I T nit 

* 

W K G  35000 

. 

* 

RAxxrlW 

1809 u 
1800 u 
1m u 
92Q U 
9200 U 
9200 U 
9200 U 
9200 U 
9200 u 
6M)oo 
no0 u 
1800 u 
920 U 
1800 u 
la00 u 
1800 u 
1800 u 
920 U 
920 U 
9200 U 
2500 U 
920 u 
9200 U 

920 U 
920 U 
920 u 
9200 U * 

uo/Kc 512.5 
UC/KO 112.5 
UWKG 512.5 
UG/KG 260.0 
wffi 26OO.Q 
uc/KG 2600.0 
UGlKG 26D0.0 
IM/KQ 2600.0 
WKG 2600.0 
W/KG 35000.0 
UG/KG 1615.0 
W K G  S11.5 
uo/lco 160,o 
UGIKG 512,s 
W K C  512.5 
WIKO 512.5 

W K G  260.0 
UolKO 2M.O 
U/KG 2600.0 
Uom 1075,a 
W/KG 260.0 
W/KG zbbo.0 
UGf YG W.0 
UWKC 260.0 
UGI KG 26Q.o 
UG/KG 2609.0 

UWKG 512,s 



r.. 

SEDIMNT TOML UT& SUMMARY ALL UYlTS UG/KII 

1 
2 
3 
4 
5 
6 
7 
8 
9 

t0 
11 
12 
1s 
14 
15 
16 
17 
18 
19 
20 
21 

.22 
23 

4: 27 

. 28 
29 

ANALYfE 

AlWIWUl 
AUTInWr 
ARSENIC 
BARlun 
BERYLL IUI 
CADnJU 
CALCIUU 
CESIUN 
CWRQHIM 
COBALT 
COPPER 
I RCU 
LEAD 
LltHlW 
MAGYESIUR 
MANGANESE 
MERCURY 

HOlYBDENUH 
NlCKEL 
POTASS I w 
SELENIUM 
81 11 CON 
SILVER 
SMlU# 

tf ROW1 IUM 
THALLIW 
TIN 
VANADIUM 
ZJYC 

tbts l  
SMnp t es 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
I 
1 
'I 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

29 
..%*=%SO 

Total 
CRQL Hit& 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
D 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 

1 
=ZLs:ILL= 

nutimn Awrans 
MOL Hit WHUNIT  Wtt I(AxIHW 

GOO00 
12000 
2000 

40000 
loo0 
1000 

2000000 
200000 

2000 
10000 
5000 

MOO0 
1000 

20000 
2000000 

3000 
LO0 

40000 
8000 

2000000 
1000 

0 
2000 

2000000 
coooo 

2000 
00000 
10000 
4000 

I 

. 

. 

. 

. 
1210 MG/KG 

. 6940. 
* PUN . 1.2 Y . 111 . 0.82B 

2.2 . 12000 . 1.9 w* 
, 44.7 . 7.6 B . 31.8 
4 11300' . 37.8 N 

15 U . 1960 
182 . 0.15 u . 5.1 . 32.1 . 1160 B 
0.57 WN 

1210 1210 ' . s u  . 156 B . 39.6 . 0.57 U . 0.08u . 22.3 . 693 E 

MAXUN I I 

WG/KC 
MG/kG 
M/O 
lwm 
WYC 
MWKG 
110 f KO 
W K G  
NG/YG 
WC/Ui 

MG/KG 
W K G  
IIG/YO 
W K G  

M W K G  
MWKG 
WG/KC 
WG/YG 

W W G  
WG/KG 
H G K G  
R W G  
HG/KG . 

HG/KG 
WGRG 
MG/KE 
HEACG 

n c m  

Total 
Averone 

6940.00 
4.50 
4.20 

111.00 
0.82 
2.20 

12000.00 
1.90 

44.t0 
7.60 

31.00 
11300.00 

37.80 
7.50 

1960.00 
la2.00 

0.011 
3.10 

32.10 
1160.00 

0.29 
1210.00 

1 .so 
156.00 
59.60 
0.29 
0.04 

22 e 30 
693 DO 



P 





P 
v, 
w 
0 z 

Z 

J ', 





%. 

. +  ' 

f 

4 

-+ 4- + + 
L .  

49  - 

i- i. + 

, >  + + 
4 
A 

L. . 



=-6/ 0 

2 



z 
0 
I- < 
Z 

Q 
X 
w 

- 

z5 



f 
0 
I- 
Q 
Z 

Q 
X 
LLI 

- 

4 

oszo9osz 



I 
0 0 

0) m 

1333 . NOllVA313 

I 

0 n 



(1SW) 1333 NI NOllVA313 

3. PI llH31V,'W 

(1SN) 1333 N1 NOUVA313 
0 
Ln 
?-- en 

0 
0 
cc) 
in 

0 
kl 
c3 

0 0 0 0 0 
Lo 0 In 0 

0 
0 
03 b b 0 
In Lo lr) un In 

(7SW) 1333 NI NOllVA313 

09ZO9OG 



9 

I O N  
4tn 

r n J  

I 

\ 

p. 

i 

c 



j ;  

(Y m 
D 
0 
0 

0 
3 v 8 0 

8 2 0 
0 - 9 
c 

v 
m 

P 
a 

L - 
0 

2 
0 

YI 

P I <  
! ? -  I c 

-I t- 
L - -  

- 0  

' 2  
- 0  

c 
r-L" 
E n - <  c - -  

- 7  

- z  
- <  I 

2 

, o  
J .- E1 0 

F 

u- 
z 
Q 
a 



0 

Z 

0 
0 
r) 

II 
P 
.e-- .. 
W 
-I 
Q 
0 tn 

z 
0 
I- 
Q 
Z 

a 
X 
w 

- 

4 

0 
-Q 

+ 

08Z090SZ 



I 

Z 

E w 
w u z 

v) 

3 
v) 

v, 
3 
0 
CY 

s 
m 

n 

a 3 

.3 
I 
-I 

n 

a s; 
z 

n 
Q 
0 
E 
F- 

0 
cr 

- m -  

i 

9 

06Z090SZ 



. 
0 
W 

d 

cj 

z 

9 
P 
4 

m 

LL 

b 

in 
L 

i 

L 

cr 
Q 

P 

- i  

1 , !  

1 

00E090';'Z 





L4 z 
b 

L 

- m -  



-I 

d 
?- 

0Z:E090SZ 

a e 



Z 

OEEO9OSZ 





.;," 
35 

CB 
6 e 

vi" 
w 



8 
a 

i I 

,.- 

i 

v- r 

I f 3  
b 
e- 

- 

1 

-. __ 
i 

+ 

0SE090SZ 



f 
0 
P 
6 
Z 

Q 
X 
&I 

- 

4 
CI 

0 or 
I- 

a 

Cs 
n 

9 
n 

F 

O O d l 6 1  LZL'690WEEtl 



L 

1 4 ss 
L 

1 

A 
I 

I f  

0 
U 

q- i 
a 

32 u 
0 oc 

v, 
Y 
v, 
a 

t- m m 
l- 



a Z 
0 
t- 
-4 
Z 

LL 
X 
W 

I 

4 

ctl w m 
E 
3 z 
W 
0 z w 
E 
W LL w 
E 
VI 
VI r 

I Z  

000L$02 3 4- 

i 

, 



- d P 

0 
0 
(D 

Z-O 0 M 

0 

..- 
I -  

d 

* 

x 

e 
d 

a 

V 

GLEOSOSZ 




